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Daylight regulates humans’ activities,
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rhythms acting as an external natural
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ronmental factor providing time orienta-
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damental biological needs. Human ac-
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patterns. In the following dissertation,
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highlighting the daily schedule and ac-
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veloped theoretical background through
bibliographic research is used as a foun-
dation for the establishment of a design
framework leading to a variety of propos-
als. The resulted designs are based on the
dominant spatial elements that define the
identity and function of the space, tak-
ing into consideration the existing light-
ing conditions.
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Chapter 1

Introduction

“The 24-hour lightdark cycle is the most important environmental time signal.”
(Lockley S.W. et al., 2012, p.41) [48]

Natural light is a fundamental factor for humans’ well being. People nowadays spend
even more time in interior spaces due to the nature of their jobs and responsibilities. The
modern pace and way of life are linked even more with built space, compared to earlier
times [4]. Therefore the need for a holistic design of interior spaces and the creation of
a spatial dialogue is more imperative than ever. Recent research has revealed the neces-
sity of natural light and the importance of contact both with the exterior environment
and daylight. As Lockley underlines, light is an essential environmental time signal and
based on Descottes, the presence of light and shadows is related to orientation [15]. The
changes in natural light throughout the day indicate the passage of time, but on a bigger
scale, also underline the passage of months and seasons [48]. Light is a dynamic com-
ponent which changes continuously in nature; therefore, this characteristic is essential to
exist as a form of lighting design in interior spaces.

The main goal of this thesis is the implementation and transfer of these light princi-
ples in the interior space to enhance the way time passes and underline this connection
between exterior and interior space. The ever-changing character of light and informa-
tion it provides needs to be the foundation of lighting design in interior space. The
design of each space follows specific requirements linked to its use and the needs of its
users. The variety of activities each space hosts can set the basis for the lighting design,
making light a dynamic component which signifies the change in space’s use. In the
same way, light changes in nature, electric light can also be altered based on the course
of time and activities that take place in interior spaces. This though led in the definition
of the following question that formed the foundation of the thesis.

1



2 Chapter 1. Introduction

The answer to this question was investigated through an extensive literature review
leading to the formation and proposal of a design framework. The thesis focuses on
educational spaces, and specifically primary schools since the essential elements during
the analysis are the human scale, and the way perception and vision are affected by it.
Educational spaces are essential since children use them daily, but also because of their
function and symbolism as places of knowledge. Lighting is a crucial environmental
factor, which affects students’ well-being and performance. The proposed framework is
based upon the various presented theories and is further applied to a case study. The
spatial and light analysis, along with the activities taking place in the investigated spaces,
are combined and result in multiple lighting design proposals for each space.



Chapter 2

Methods

A combination of different methods was used during this thesis for the establishment of
a theoretical framework. The created framework acted as the basis for further develop-
ment. The literature review allowed the analysis of various topics leading to the main
points and theories used in the process. The principles of design thinking were taken
into consideration as the central aspect of the thesis is the design of a proposal that fol-
lows the user’s needs and requirements. A case study was used for the application and
further explanation of the proposed design framework. The use of different software
allowed the creation of simulations depicting the proposed designs. At the same time,
different software was used as a tool for the analysis of the existing lighting situation.

2.1 Literature review

The literature review is the cornerstone of the study since it creates the basis for further
investigation and development of ideas. The theoretical background consists of two
parts. The first one is related to the background or initial research, leading to the research
question. The second part focuses on the definition of terms and further analysis of the
primary notions stated in the research question.

The theoretical part focuses on the investigation of semiotics and visual language in
an attempt of applying their principles into lighting design. The investigation of lighting
as a form of symbol or indicator in space was the core around which the theory evolved.
The second part of the theory was human-centred since the analysis focused on the
human scale, and the way it affects perception and vision. Theories regarding visual
development and spatial cognition were analysed, and the main points were extracted
to be further used as success criteria and guidelines during the design process.

Existing theories regarding design, perception and visual development were inves-
tigated and then combined to result in a theory-based model of design investigation.
This model incorporates spatial and lighting elements, and through their combination
aims in creating a lighting proposal that co-exists with the existing elements of space in

3



4 Chapter 2. Methods

harmony, while having a different functionality from the ceiling lighting. The literature
review is fundamental since it is used to justify and strengthen the choices made in the
course of the thesis. It is also vital for the evaluation of the proposed design framework
and the resulting design proposals.

2.2 Design thinking

Design is a creative activity whose aim is to establish the multi-faceted qualities of
objects, processes, services and their systems in whole life cycles. Therefore, design is
the central factor of innovative humanisation of technologies and the crucial factor of
cultural and economic exchange. (Koskinen, 2013, p.18) [40]

Design thinking is a research-based process of working with data based on users’
needs and set requirements [7]. It is a human-centred approach used in various areas of
design, such as product and service design [90]. The cornerstone of this process is the
combination of knowledge deriving from various scientific fields, such as behavioural
and social sciences.

...a methodology that imbues the full spectrum of innovation activities with a human-
centered design ethos. (Brown, 2008, p.1) [81]

According to Tim Brown, design thinking is a process leading to innovative solutions
by following the set guidelines of users’ needs. This process is linked to the profound un-
derstanding and analysis of everyday problems by investigating the users’ background
and culture. Through design thinking, new alternatives emerge, leading to designs that
embody stories with which users can empathise [70]. The principles of this process
are inspiration, ideation and implementation. The definition of an existing problem is
the starting point of the process, while in the course of the analysis, the investigation
(ideation) of possible solutions is discussed. Ideation is the part where brainstorming
takes place, resulting in multiple solutions. The analysis of the possible solutions leads
to a dominant proposal. The proposal needs to be tested through the creation of a
prototype. The testing process results in changes in the initial proposal and the imple-
mentation of the testing results in the design. The feedback from the testing phase leads
in the final design proposal. The prototype and testing phase are parts of an iterative
process since there are always ways a design proposal can be ameliorated. The number
of prototypes and tests performed depends on the time frame of each project [81].

Design thinking is based on interdisciplinarity since it combines various domains of
research, design and social sciences. It is a process that focuses on the human aspect and
point of view, while at the same time incorporates groundbreaking thinking.
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2.3 Case study

A case study which resulted in the investigation of two separate spaces was used as an
example of the way the proposed design framework can be applied. The case study con-
cerned a primary school in Athens, Greece and the examination of spatial and lighting
characteristics led in various design proposals for each space. The choice of the specific
case study is due to the focus in educational spaces and the analysis of users’ scale as a
core element for spatial and light perception.

2.4 Simulations

A series of software was used in the course of the study for illustration and light in-
vestigation. Separate software was used for light analysis, referring to either natural
or electric light. The investigation of natural light was performed through the use of
SketchUp since it allows the geolocation of the 3d model, and therefore, the exact orien-
tation, shadows and daylight intake can be illustrated. Dialux was used for the simula-
tion of the existing electric light, even though the proposal phase did not require dialux
simulations.

For the visualisation of the proposal, SketchUp and V-ray were used. This software
allowed the modulation and alteration of the light variables, based on the proposal’s
needs. The simulation phase allowed the description and visualisation of the proposed
design and its further evaluation based on the set design guidelines and success criteria.





Chapter 3

Background research

The following chapter consists of the initial research that resulted in the definition of the
research question. The theoretical background was analysed and the main topics of the
analysis derived from this process. The introduction of the main tools takes place, and a
clarification of the way each one is being used further in the process is stated.

3.1 Semiotics

Semiotics, also called semiology, the study of signs and sign-using behaviour. (The
Editors of Encyclopaedia Britannica, 2020 )[71]

Semiotics is the science that analyses the relations between signs, meanings and be-
haviours. Through the science of semiotics, the use of symbols and signs is analysed.
This knowledge can be a tool for establishing relations and meanings between signs and
users. Semiotics is widely used in design as it enhances the creation of a link between
the user and the proposed design [92] [13].

The founder of this study is the swiss linguist Ferdinand de Saussure according to
whom semiotics is analysed in parallel to the language system. Semiotics defines the link
created between a sign and a concept. Ferdinand de Saussure points out the elements
of the concept, labelled as signified, and sound-image labelled as the signifier. The
combination of the concept and sound-image results in the definition of a sign [69].

Based on de Saussure the linguistic sign has two main principles, the arbitrary nature
of the sign and the linear nature of the signifier. The first principle indicates the range of
different meanings a sign can bare. Having as a reference point the way language is used
in communication de Saussure highlights that the same sign can be used for providing
different kinds of information, in the same way, a word can bare multiple meanings in
different sentences. The second principle is linked to the fact that the signifier, which is
the sound-image, is processed primarily through auditory perception. The dimension of
time defines auditory signifiers. Therefore they have a linear nature.

7



8 Chapter 3. Background research

Apart from de Saussure’s approach, another significant theory belongs to the Ameri-
can philosopher Charles Sanders Pierce. Pierce categorised the signs into three different
types which are the icon, symbol and index. Pierce analysed and developed his theory
of semiotics through the prism of philosophy. Pierce supported that people communi-
cate both by using signs and by assigning meanings to anything that surrounds them.
Saussure, on the other hand, mentioned that signs are products of the human mind that
expressed through the use of language [95]. Regardless of the differences between these
two points of view, the common ground for these theories is that the use of signs and
symbols is fundamental for communication. Furthermore, as Umberto Eco highlights in
his book "A theory of semiotics" :

"...semiotics is destined to overcome one of its natural boundaries and to become not
only the theory of codes and sign production but also of the ’deep’ individual origins
of any ’wish to produce signs’." (Eco,p.315)

while further stating that code and sign production are processes performed subcon-
sciously in an attempt for communication [18].

Eco states that the complexity of each language is reflected upon the way the same
signs are interpreted, taking into account the cultural background of every individual. In
other words, he suggests the existence of infinite meanings and ways of using the same
sign in a different context in terms of culture and language [17].

3.2 Visual language

The term visual language has significantly taken ground during the past decades since
it has become an essential part of everyday life. Visual language and communication
are a fundamental part of the digital world and can be seen both in urban public spaces
as well as interior spaces. Visual communication can be performed through images in
the form of advertisement, education and recreation [29]. Even though most people
are not familiar or educated regarding visual literacy, everyday experience is a keystone
to decoding and analysing basic visual signs. The link between semiotics and visual
languages rests in the use of signs which bare specific definitions that are collectively
recognised. An example of those signs is the use of specific icons in mobile phones and
applications, such as the "save" button. Even though the symbol represents an outdated
product, everyone is aware of the meaning it bears. [34].

The term "visual language" is used in various domains; thus, it holds slightly dif-
ferent meanings regarding the specification of each domain. For UI designers visual
language is the guideline for layout design as for researchers a graph can be a form
of visual language.[20] Wittgenstein, on the other hand, in his "Philosophical Investiga-
tions" supports that facial expressions and gestures are also a form of visual language
and therefore forms of communication [50]. One could support that all those examples
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are a form of visual language, which is the reason that according to this study, a slightly
different approach is followed, based on the definition given by John Malcolm :

... visual language is a multi-dimensional phenomenon, based largely on
semiotics and structuralism (Malcolm, p.22) [49].

The multi-dimensionality of a visual language lies upon the fact that a visual image
can be experienced through the viewer’s senses. Previous experience which is stored as
memory allows such level of decoding. Visual signs can be interpreted into messages
through the perceptual process in the same way speech can result in the form of a visual
component through one’s imagination. The speech also contains a visual aspect in the
same way other means and signs contain words and messages.

Light can also be used to create a visual sign since the process of decoding a visual
sign that does not contain text is faster and immediate [31]. Similar examples of light be-
ing used as a visual signal are the traffic lights and lighthouses. Traffic lights coordinate
traffic and mobility in the urban space by altering the colour of the light. Lighthouses,
indicate and warn the existence of dangerous coastlines. An example of the way light
can act as a means of communication in interior spaces is the projection of arrows on the
floor in IKEA stores, that act as a form of orientation in the space [87].

Figure 3.1: Traffic lights and lighthouses are forms of visual signs where light is being used..

Moving on to the way visual language is handled in this study, it needs to be high-
lighted that the combination of visual and verbal ways for learning has been of use for
the past two decades [73]. The reason is that visual literacy enhances students’ mem-
ory since it is an active learning approach. In this case, though, the aspect of visual
language focuses on the enhancement of existing spatial signs by using light, that indi-
cates the change of activities during the daily schedule. The light can act as a signal,
communicating to the users, which in this case are the students, the various activities.
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3.3 Storytelling

Storytelling is the art of narration and is widely known from literature and the movie
industry. Stories have survived through the years, and the art of storytelling has be-
come a fundamental part of design processes as it is considered to be one of the most
efficient communication tools. The principles of storytelling are content, execution and
interaction. In terms of content, the story needs to have a logical progression, that will
have clear transition periods (execution). Interaction, as the word implies, underlines the
importance of communication between the creator and the user [67].

The art of storytelling also holds a significant role in education, especially since it has
been proved that narration supports memory development but also enhances abilities
such us linking events, providing information and elaborating [36][57]. Digital story-
telling is a form of communication that allows everyone to narrate their own story using
interfaces and software while at the same time, acts as a tool for the educators [78][58].

Since storytelling already exists in one form in educational spaces, lighting can be
used to enhance another aspect of it. In this case, there will be a parallelism between
the traditional way of narrating through speech and the visual narration, which will be
described in the following figure.

Figure 3.2: Illustration revealing the use of narration as a visual process.



3.4. Rhythms and routines 11

In this illustration, one can see in the left part, the way a story is narrated. Storytelling
is a verbal process where speech and hearing are used. A story is a set of chapters that
are tied together through the peaks they contain. These peaks are the elements which
tie together the story. The story’s coherence depends on its core and the rhythm of
narration. During this thesis, the notions of story, chapter and peaks are mapped to
different concepts. The narration process is not verbal but visual in this case and based
upon the principles of visual languages. The story which needs to be narrated is the
daily schedule of the school. This schedule consists of different activities (chapters)
throughout the day. These activities are interconnected through the transition periods
(peaks), which reveal the alteration of actions. These components are the core around
which further investigation will be performed, regarding the necessity of schedule and
its enhancement.

3.4 Rhythms and routines

Routines are defined as sets of activities which follow a repetitive pattern during the
day. People are familiar with natural patterns and tend to create routines based on
those patterns. The sequence of light and darkness is the most important cycle of the
day. Human existence depends on these cycles of light. Almost every human activity
develops following these light alternations. Education, mobility and work are primarily
taking part during the light hours, and it has only been during the past years that the use
of electric light has allowed the extent of light hours. The link between human evolution
and development with day and night has its roots mainly in the fact that light also
regulates the internal biological clocks and rhythms of all creatures [24]. Specifically, in
mammals, the master clock is regulated by the suprachiasmatic nuclei (SCN). A circadian
rhythm is a form of interaction between the human body and the environment. In
humans, the circadian rhythm is linked to sleep patterns and the secretion of specific
hormones such as melatonin and serotonin [6]. In case this interaction is disrupted;
there are side effects that are primarily connected to sleep disorders [35].

3.4.1 Importance of routines in child development

Natural rhythms are essential, and their consistency is valuable since they regulate hu-
mans’ biological clocks. Humans’ internal rhythms are entrained to the patterns of light
and darkness; in the same way, everyday activities are developed according to the same
patterns. If the natural rhythms are thought to be of a broader scale, then the daily
routines are a scaled-down version of them. Part of these routines is scheduled and fol-
lowed in educational systems. Schedules of daily activities are repeated in classrooms in
a precise way.

The existence of a schedule is essential in children’s development, especially for
preschool kids. Routines in kindergartens are described as simple steps and tasks that
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take place during the day. They provide though, consistency, confidence, security and
trust [66]. The first indicator of daily patterns for children is nap routines. Bedtime rou-
tines are associated with children’s well being and development. Bedtime quality affects
daytime activities and bears an impact on the learning process. High sleep quality en-
hances a healthy attitude towards learning and is also vital for dental health, especially
for toddlers [38]. The biorhythms which are responsible for the sleep-wake patterns are
the circadian and ultradian rhythm. Those two rhythms undergo rapid changes during
the first two years of age. The stabilisation of the circadian rhythm occurs when sleep
patterns are kept consistent during that period. Lack of consistency may result in sleep
disturbances since infants and toddlers are more sensitive to the destabilisation of their
sleep [74].

Nap routines are also an essential part of the daily schedule in kindergartens. Sched-
uled activities in preschool are essential for creating a safe and stable environment and
help children overcome the stress and anxiety of finding themselves in a new environ-
ment [93]. Routines enhance time perception and support the learning process through
the creation of a framework within which children can perform and interact [94]. The
necessity of patterns in everyday life is apparent and exists in higher education as well.
Schedules are consistent in terms of activities throughout primary, secondary and high
school. The regulators of those schedules are the educators who ensure the adherence
to the schedule. The following proposal introduces an additional parameter which fo-
cuses on the way the daily routines can be supported by the space itself using dynamic
elements such as light.



Chapter 4

Problem statement

The background research led in the definition of the research question presented as fol-
lows. The investigation of the research question is the core of this study. The research
question aims in revealing a different aspect of the light, focusing primarily on the inter-
action between the light and the user. The formation of the research question is set as
follows:

How can light act as a means of dialogue between educa-
tional spaces and children?

The objective is the creation of an extra light layer which will have different function-
ality. The purpose of this lighting will result in triggering a response in terms of activity
or movement on behalf of the children. Additionally, this will result in forming transi-
tion periods between the different activities during the day. The lighting will act as a tool
for signifying the transition between the activities based on one of the leading biological
needs light holds, which is time orientation in space. Time orientation is used as a prin-
ciple, and the electric light will be used to cover this very need following the schedule of
the day by signifying the different activities. The placement of this light layer in space
will follow the children’s scale. Therefore the height can vary based on the age group.
The perception of space as well as the visual development during childhood is essential
for the lighting proposal. For the evaluation of a possible solution, the children’s point
of view needs to be investigated.

4.1 Success criteria

The research question and background research, as mentioned above, resulted in point-
ing out the success criteria which are used as an assessment tool for the final lighting
proposal.

The criteria are set as follows :

13



14 Chapter 4. Problem statement

• Use of different lighting by enhancing different elements of the space.

• Focus on changes of brightness and movement performed in a subtle way.

• Design a lighting scenario which will be mainly perceived by the peripheral
vision.

• The lighting standards are not to be met by the mere use of this light layer
but combined with the functional/task layer.



Chapter 5

Analysis

This chapter analyses the primary topics related to the research question. The knowledge
and main topics deriving from this investigation will be used in the methodology leading
to the design proposal. The decomposing of the research question led to four main fields
of inquiry which are presented in the figure below.

Figure 5.1: The main topics of investigation.

15



16 Chapter 5. Analysis

The four topics will be analysed separately, although they are interconnected and
should all be taken into account in terms of design. The subjects are light, human
perception, space and peripheral vision. The notions of light and space are directly
mentioned in the research question, as for perception, and peripheral vision they are
two of the tools defining the way light and space are experienced. Since the focus of this
study is children’s spaces, those tools need further investigation as there are fundamental
differences in the way children and adults, experience and use space.

5.1 Light

Light is the first topic of investigation and is divided into three subsections expressing
the necessity of natural light as a biological need and moving on to the way light affects
interior space. The aim is the use of the basic principles that light carries, relating it to
the human’s biology and interior spaces, creating a link with the exterior environment.

Firstly the basic biological needs related to light will be presented emphasising the
need for time orientation in space. Furthermore, the aspect of light in space as a tool
for creating atmospheres will be stated, and the way light can act as a symbol in space
needs to be investigated.

Figure 5.2: Subsections of the light topic.
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5.1.1 Biological needs

Humans’ familiarity with light derives from the fact of it being an inseparable part of
everyday life. The word light is associated with sunlight and therefore natural light,
even though, especially, at this time the essence and design of electric light are of utmost
importance. The necessity of light in terms of biological needs but also health is apparent
due to research programs which have proved that light acts as a primary regulator of
circadian rhythms. Circadian rhythms are defined as daily patterns of body temperature,
sleeping and wake cycles as well as hormone regulation and production, synchronised
with light and following the 24-hour cycle of the day [84]. They are apparent in all
animals and plants as well as humans. The regulation of these cycles, along with the
necessary precautions for preventing their disruption belong to the health domain [8].

Light also covers biological needs linked primarily to orientation, space and stimula-
tion. The basic biological needs as presented by William Lam in his book "Perception and
lighting as form givers for architecture" are linked to the notions of location, time, weather
enclosure, territory, relaxation and place [43]. The existence of light allows the recog-
nition of the surrounding area and therefore, the extraction of the necessary amount of
information regarding space’s boundaries and location. This knowledge allows the user
to be able to move around an area, establishing a sense of security. Light is also an
indicator of weather. The direct sunlight is a sign of good weather, while the existence
of dim ambient light is the result of a cloudy or overcast day. Natural light even dur-
ing stable weather conditions, undergoes vast variations in terms of intensity which are
not always perceivable by the human eye. The changes of natural light apart from the
different weather conditions, follow the cycle of the day, revealing a pattern of light and
darkness. The alterations in light are also a time indicator. The orange and pink light
that is visible near the horizon is a sign of either sunrise or sunset. The result of this
need for time orientation is the conservation of balance between day and night [43].

5.1.2 Light as a time indicator

Following up on the basic biological needs related to light, the focus of this study is
the need for time orientation. It has already been stated that light changes throughout
the day can indicate the time or part of the day, and the same principle can be applied
in interior spaces as well. Contact with natural light throughout the day is essential
and nowadays the design of openings providing view and contact with the exterior
environment, while acting as a medium for the daylight to enter the space, has been on
the spotlight [51].

Time orientation in exterior environments is linked to the changes and variations of
daylight, while time orientation in interior spaces consists of multiple parameters. The
first one is the existence of daylight in the interior space, which acts as a link between
inner and outer space. The second parameter is related to electrical light. The electrical
light can also act as an indicator of time following the changes and rhythm of activities
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that take place in interior space, by changing one or more of its principles (luminance,
illuminance, colour, temperature, direction or distribution) [15]. The last parameter de-
rives from the combination of the previous ones. For providing time orientation, the
essence of time in the interior needs to be consistent with the exterior environment. This
aspect is also linked to the user’s expectations regarding the contrast between the interior
and exterior spaces. For instance, during the daytime, it is expected that the exterior area
needs to be brighter due to daylight, while after sunset, the interior spaces are expected
to be brighter compared to the exterior [43].

5.1.3 Atmosphere and light

The atmosphere is an intangible element that can be communicated by experience and
in terms of emotional response. The notion of the atmosphere is linked to architecture
and built space in this study. The atmosphere is the mental image of a space each person
creates after visiting it. Even though in many cases, atmosphere perception is associated
with vision, it is a multi-sensory process, where all five senses are incorporated. As
Juhani Pallasmaa mentions:

"Atmosphere is similarly an exchange between material or existent properties of the
place and the immaterial realm of human perception and imagination. (Pallasmaa,
p.232)" [60]

Atmospheric perception is grasped and sensed before one has managed to analyse
the details and aspects of the space since it happens subconsciously. The elements re-
sponsible for defining and shaping an atmosphere are numerous, but the current analysis
focuses on the element of light. According to Böhme, light cannot be seen, but what one
can evaluate is part of the results created by light. In interior spaces, light can create
contrasts and shadows, it can enhance shapes and forms which already exist in space,
but light itself is not visible [10]. It can be experienced though, and expressed in a phe-
nomenological way, by the creation of atmosphere. Lighting can be a useful tool for
enhancing and revealing parts of the existing architecture but also as a means for estab-
lishing its aesthetic aspect [86]. Apart from the biological needs presented above, the
users’ psychological needs need to be expressed and therefore resolved. Those needs are
the motivation for creating atmospheres through architecture and design. The various
requirements and activities can be expressed through multiple light settings and there-
fore, adaptive atmospheres [25]. Light can affect the mood and emotional response of
the user towards space but also affect the activity that takes place in it, making it an
essential part of atmosphere perception [19]. The use of dynamic light can result in at-
mospheres that provoke different impressions regarding the same space, such as lively,
cosy or office-like. Warm light has an impact on the way space is perceived, but also
on its evaluation by usually resulting in the creation of a cosy and warm environment
as opposed to cold lighting [89][39]. The perceived atmosphere of a space is a crucial
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element even though it cannot be seen in terms of vision. Therefore it holds an essential
role in terms of felt space and experience, especially when multiple activities take place
in a single space.

5.2 Human perception

Human perception is a complex process aiming in recognition of one’s surroundings.
According to Abbasov’s book "Psychology of visual perception," it is a form of knowl-
edge of reality:

"Perception is the systematization, interpretation of information coming from the
senses. (Abbasov, 2019, p.6)" [1]

Perception, as described by Abbasov, is also related to time and space, bearing the
aspects of constancy, structure and selectivity. Even though perception is usually linked
to vision, it is the outcome of the coexistence and cooperation of all five senses. Ad-
ditionally, based on William Lam, it consists of three different stages, highlighting the
importance of memories as a form of existing knowledge [43]. The three stages are com-
bined and apply previous perceptual data in the form of expectations when experiencing
space for the first time.

" ... our very sense that there is a world is itself a phenomenon of perception.
(Jacobson, 2017, p.5)" [37]

Perception is a multisensory process evolving throughout one’s life. Research has
revealed that perception develops since childhood, evolving and advancing through the
years. [55]. It is a fundamental process through one’s life assisting in apprehending,
combining and storing knowledge and experience.

Advancing in the analysis process human perception is decomposed into three sep-
arate subsections as depicted in the following figure. Initially, the element of human
scale is going to be investigated, pointing out the main differences of the perceptual pro-
cess between children and adults. Additionally, the domain of cognition is investigated,
revealing its relation to perception, and finally, the basic principles and guidelines of
colour theory and its use in space are pointed out. The goal is to highlight the elements
which are going to be used further in the process.
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Figure 5.3: Subsections of the human perception topic.

5.2.1 Human scale and perception

Human scale is a crucial element when describing and referring to the perceptual pro-
cess. The primary and most important reference for apprehending and "decoding" one’s
surrounding is their scale. Humans tend to use as references things that are familiar
to them. People experiencing space for the first time, use, subconsciously, two essential
elements, their scale and previous knowledge or memory regarding spaces and areas
looking similar to the existing one. The human scale has been a reference point in design
for years, even though there is a revived interest in its use and influence on the design
process, especially in terms of user-based design [22]. From a purely practical point of
view, human-scale defines the amount of included information in the visual field of a
viewer. An example of the differences based on human-scale is presented in the follow-
ing illustration. In the first row of sketches, the room is the same in terms of dimensions,
and the investigated variable depends on the viewer’s height. The first case is an adult
of 1.70m height while in the second case, the viewer is a child of 0.70m height. The green
and red colour replicate the visual field accordingly in both cases. The change in scale
also results in the amount of information on the field of view for each case. An adult’s
visual field is split almost equally between information placed closer to the ceiling and
floor while for a child, their field of view allows them to focus on the details placed
closer to the floor.
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Figure 5.4: Sketches are illustrating how the difference in scale affects the perceived details of scale, found
in the visual field. (Initial sketch can be found in p.25 of the book "Architect’s data" by Ernst and Peter Neufert
[56].)

The second row of sketches highlights this difference of visible details, while the
overall height of the room is above 3.00m, which is the most common height for rooms
nowadays. Focusing on the last sketches, one can see the differences in the visual fields.
The reason the fields of vision are different is a matter of the eyes’ placement; therefore,
a matter of the overall person’s scale.

5.2.2 Cognition

Perception and cognition are thought to be two indistinguishable actions, even though
both of them take part in the deciphering procedure of the surrounding environment and
the activities that take place in it. Perception has been characterised as an automated and
unconscious process, in comparison to cognition which is thought to be a controlled and
intentional process [85]. The automation of perception is linked to the involuntary use
of the five senses as a fundamental tool for understanding one’s surroundings[80].

Cognition involves reasoning, problem-solving, along with knowledge and memory.
In terms of knowledge, cognition is related to the learning process, since the amount of
information stored in the conscious part of our brain is gained knowledge, further used
during the perceptual process [64] [79]. There are several theories regarding the link and
frequent merge of these processes. The majority of these theories is linked to different
stages of human development. Both perception and cognition evolve following the ad-
vancement of years, and in particular moments one of the two processes is responsible
for one’s understanding and learning. This development also acts as a tool for under-
standing the philosophical advancement of the human species [53]. It has already been
stated that in terms of perception, the visual element is the most dominant one, and
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researchers divide its development into three stages, early, intermediate and late vision.
During the early stage of vision, the senses are responsible for perceiving and decod-
ing the surrounding elements. During the intermediate stage, object identification and
representation is based on memories and stored in the long-term memory. In the late
stage, perception is mainly based on acquired knowledge, concluding in the importance
of cognition at this point [80].

5.2.3 Colour theory

Colour is a fundamental element of the perceptual process, contributing to shape dis-
crimination and boundary clarification. From a scientific point of view, colour is merely
the perceived representation of light wavelengths which intrigue different photorecep-
tors of the eye [2]. Based on Joseph Albers’s book "Intersecting colours: Josef Albers and
his contemporaries" he states:

"Color, in my opinion, behaves like a man in two distinct ways: first in self-realization
and then in the realizations of relationships with others..." (Albers, 2015, p.85) [2]

Albers supported that colour perception is relative since it depends on the surround-
ing area, and the elements composing it. Colours can be perceived differently based
on the contrast but are also affected by the background colour. One of Albers experi-
ments focused on the difference in perception based on the background colour leading
to combinations which created an altered perception of the same colours.

In terms of design and spatial composition, colour is considered an environmental
factor apart from a design element. There are three different environmental factors as de-
scribed by Baker, which are the ambient, design and social factors. Colour is categorised
as a design factor along with architecture, materials and spatial layout, as for lighting
is under the ambient factors along with music, scent and temperature [3]. These factors
have a significant impact regarding the function and emotional response they provoke
to the user, and the colour is one of the vital elements of three-dimensional space. The
use of a specific colour is thought of having various effects on the viewer, as each colour
bears different characteristics and qualities. For instance, blue and green are soothing
and calm while yellow is related to warmth and awareness, and red is associated with
stimulation and alert [61]. These qualities are taken into consideration when colour is
used in space while following and supporting at the same time, the functional needs of
the space.

The range of colours which can be perceived by the human eye is limited to the vis-
ible spectrum of light. Apart from perception, colour is also a matter of preference and
therefore depends on gender, cultural, and age differences along with educational back-
ground [27] [9]. Research has revealed that colour preference differs in early and later
age stages. Since the present study investigates matters related to educational spaces
and children, this is also the focus regarding colour. First of all, in terms of preference,
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younger children seem to prefer brighter and more vivid colours compared to college
students and adults [96] [27]. Kindergarten children have a preference towards warm
colours, with a higher tendency to red that seems to decline during the first grades of
primary school [26]. Blue hues are almost equally preferred among students, especially
during higher grades. Apart from age, gender is also a factor of differentiation regarding
colour perception and preference, especially for blue, green, pink and black, while the
change in preference of yellow colour is the most noticeable in the different ages [52].

The spatial parameter of colour is essential, especially in educational spaces, since
it affects the mood and students’ performance. Tregenza presents some general factors
affecting colour perception and recognition in space in the book The design of lighting.
Colour depends on the brightness of the surrounding area and the size of the surface
it covers. The wider the surface, the higher the perceived saturation. Additionally, the
amount of time this colour is in the field of view is essential, as the permanence of
the colour affects the way it appears [84]. The purpose and function of the space also
define the use of colour. For instance, in an art classroom, more vivid colours are chosen
due to the activity taking place in the classroom but also since it is a space used for a
certain amount of time during the week [83]. The factors mentioned above synthesise
and highlight the importance of colour as a three-dimensional element in space, used for
creating spatial and dimensional relationships while affecting the psychological aspect
on behalf of the viewer [96].

5.3 Space

Space can be defined as the enclosure of dimensional elements, brought together in an
attempt of creating an element which will potentially inhabit human activity. Space is
produced based on human needs, mobility and potential hosted activities. Following
the figure below, there are three subtopics related to space. These are spatial cognition,
ambience and communication through space. This topic’s focus is the perspective and
point of view on behalf of the children since the area of interest is related to educational
spaces. Therefore, the investigation is led by spatial cognition and the first steps of spa-
tial development in children. Ambience focuses on the element of light and its effect of
spatial perception. Communication through space is a subtopic focusing on the infor-
mation extracted from each spatial element. The results of this investigation conclude in
the main aspects of space used further on in the process, both as elements of analysis
and design.
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Figure 5.5: Subsections of the space topic.

5.3.1 Spatial cognition

Spatial cognition is a multisensory process which requires the co-operation of all senses.
Spatial intelligence evolves through the years and is adaptive based on the surrounding
in which each one develops. Spatial thinking contributes to further understanding of
daily relations between notions such as the social and organisational system. Spatial
cognition is a milestone of intellectual growth since it is related to various everyday
performances [88]. The notion and importance of space have been a matter of debate for
many years. The cause of this debate is its definition both as objective and subjective.
The "objective" space is related to its physical aspect, while "subjective" space is more
intuitive and linked to an empirical and intimate investigation [82].

Spatial cognition is fundamental for navigation and orientation, both for children
and adults. The notions of navigation and orientation are not strictly linked to a large-
scale area, like a neighbourhood or a city. During the early stages of development,
they are related to line and angle appreciation along with size recognition and relative
size of objects. The process of spatial development undergoes for many years. The
majority of sensory and cognitive functions undergo extensive developmental changes
from childhood until adulthood. Maturity and experience acquirement are essential
elements of cognition growth. Previous experience is essential both for spatial navigation
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and orientation. Even though spatial information is primarily gathered through vision,
various researches have revealed that haptic perception is the dominant perceptual sense
for children, due to the belief that is fully developed at an early age [63] [59].

The primary elements perceived and processed in terms of spatial cognition by chil-
dren are shapes and lines, followed by distance and directions. Shapes and lines are also
the main elements in children’s’ drawings. Children’s illustrations enhance cognition
and are a way to express how they perceive their surroundings, but it can also be an in-
dicator, during early ages, of developmental difficulties [14]. The reason these elements
are predominant is that it is easier to analyse an unknown space in terms of geometry
and shapes at a glance and further pay attention to the details. Children have an egocen-
tric (viewer-dependent) way of analysing spatial information [82]. The egocentric way of
spatial analysis is linked to the element of scale, both in terms of human scale but also
spatial scale [5]. Piaget describes this process as part of the development stages. The first
stage (sensorimotor stage) that lasts two years is based on haptic perception. The sec-
ond stage (Preoperational stage) is egocentric, and only during the third stage (Concrete
operational), the child starts taking into account other’s thoughts and feeling, meaning
that the perceived space is no longer their immediate surrounding environment but also
incorporates others. During the fourth stage (Formal operational stage) the child begins
to think about moral, philosophical and social issues [63].

Throughout the process of spatial cognition, children mainly rely on landmarks for
wayfinding and navigation. Research has revealed that in terms of navigation and mem-
ory, young children relate easier to landmarks and junction points. It is stated though
that it is easier for ten-year-old children to mentally relate certain elements to landmarks
compared to six and eight-year-old children [47].

Cognitional development is essential for children, especially since it is a progressive
process that is not fully formed during childhood. In the course of this process apart
from vision, haptic perception is predominant during the first years of age. Moreover,
shape, line and angle appreciation are among the primary elements forming the notion
of spatial perception in children.

5.3.2 Ambience

Perception of the ambience atmosphere is based and affected by previous experience.
The ambience of space consists of various elements, but the focus lies primarily upon
light. The difference of ambience is its relation to space, and hence its perception as
a unifying element [68]. There are various ways of communication between a space
and its users. This achievement is possible through the use of physical means, which are
spatial elements used as symbols, but it can also be achieved through intangible elements
perceived by sensations, like spatial ambience [30]. As Peter Tregenza states:

Patterns of light and colour act as clues to the nature of the room by triggering
associations with places experienced in the past. (Tregenza,1998, p.88) [84]
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These associations can be expressed and perceived in various ways based on the
experience each user has. There is not a universal language regarding ambience in space
and related experience; therefore, a space used daily tends to become a reference for
another interior that shares similar use. Reference spaces are part of what is stated as
memories or previous experiences. The ambience of space follows its use but also the
expectations of its users. Hence sensed ambience of an office and a club cannot be the
same and are not expected to be the same. The ambience is both linked to previous
experience but also expectations, and focuses on the emotional response the user has
towards space.

5.3.3 Communication through space

Space is a composition of different elements having various functional qualities. The el-
ements of space can be highlighted using various design factors such as colour, material,
texture or even light. The reason a specific element needs to be dominant in space is due
to its importance in terms of space functionality or because it represents and conveys
a vital message [97]. In some cases, there are certain spatial elements or characteristics
which contribute to space’s identity. Therefore these elements are essential and empha-
sising them contributes to the creation of a mental image that will be interwoven with
the space in the viewer’s memory.

There are also cases, in which specific elements bear a single meaning such us the exit
symbols above doors that are used in cases of evacuation. The way spatial elements are
treated in terms of significance is the result of visual management in space [32]. Open-
ings in buildings, such as doors or windows, are a symbol of the connection between
interior and exterior space. Windows lead natural light in the space while providing
a view towards the outside. The door is the element leading a person either inside or
outside of a room, symbolising movement in space. In terms of communication through
space, the way a single element is managed can lead to various conclusions about the
message it conveys [77]. For instance, the use of a particular colour around the doors
of a building may indicate that these doors lead to spaces with similar function. Corre-
spondingly, the lighting of the walls that have windows may indicate something about
the orientation of the room. Another aspect of spacial elements is their use in terms of
navigation in space through the creation of landmarks, which are fundamentally used as
navigational spots. The element of contrast, in this case, can enhance wayfinding. There
are various examples, and the solutions depend on the building, room or area of interest
and its function. The immediacy of a visual component is the reason someone would
use spatial elements as forms of communication with the user.
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5.4 Peripheral vision

Peripheral vision is part of humans’ field of vision and as the word indicates, and con-
sists of the farthest parts of the visual field. It evolves and alters through childhood
until adulthood. With age, vision changes and among the visual changes, there is also
a gradual loss of the peripheral vision, resulting in the decreased reflex time since pe-
ripheral vision is responsible for monitoring. Even though peripheral vision is one of
the main topics of interest, a general discussion regarding vision will be presented as
well. As described in the following illustration, there are five subsections related to the
topic of peripheral vision. The first subsection is a description of what is defined as
vision, followed by an explanation of the visual process. The second subtopic focuses
on the differences between central and peripheral vision. Additionally, the relation of
peripheral vision and cognition is explained with the last two subtopics being the eye
movement in space and visual development that focuses primarily on children. The ele-
ment of peripheral vision is essential for the understanding of space and the description
of the perceptual process, especially since it is also affected by human scale.

Figure 5.6: Subsections of the peripheral vision topic.



28 Chapter 5. Analysis

5.4.1 The process of seeing

The process of seeing is a complicated procedure whose achievement requires the co-
operation of different organs. The eye is the primary source receiving information that
are transferred to the human brain through the optic nerve. Humans’ ability of vision
depends on the existence of light. Light in space reveals the colours, shapes and details;
therefore, the process of seeing is reliant to it. The visible spectrum for humans is be-
tween 400nm - 700nm, where around 400nm is purple colour and around 700nm is red
[84].

The description of the visual process requires a brief explanation of the eye’s anatomy.
Reflected light from objects reaches the cornea, which is the front part of the eye through
the iris focusing on the retina. The retina consists of photoreceptors, which are cells
that react to light [72]. There are two types of photoreceptors in the retina linked with
light, rods and cones. Rods are sensitive to lower light levels and do not provide in-
formation regarding colour. Cones function under high levels of light (daytime). Three
types of cones are apparent in the retina, whose sensitivity varies based on the light’s
wavelengths. The combination of the three wavelength sensitivities results in colour
perception. Photoreceptors connect the retina to the optic nerve, and the optic nerve
carries the information to the visual cortex, which is located in the back of the brain [84].
The recognition and association of the visual stimulus with a notion is part of the brain
functionality and is linked to acquired knowledge and memories.

5.4.2 Central and peripheral vision

Foveal and peripheral vision have many differences yet, at the same time, are codepen-
dent and complementary. Having only central vision would be as if being able to see
through a narrow hole while being in a dark room. In case only peripheral vision was
available, only a blurred image of the surroundings would be visible, without colour
discrimination. It is also essential to highlight that due to binocular vision, each eye sees
a slightly different image and its due to brain functions, the two images are perceived as
one. The following illustration depicts the field of view each eye has.

The central field of view is no more than 2◦ degrees and is focused on a small area
of the retina called fovea centralis [84]. Only these 2◦ degrees correspond to high visual
acuity and the ability to detect small details. It is only 5◦ degrees from the centre that the
clarity of vision is decreased in half and moving on further away from the centre vision
blurs even more.

Peripheral vision is a relic of survival needs and therefore is primarily sensitive to
movement and changes in brightness. Peripheral vision allows the constant monitoring
of the ground. Peripheral sensitivity increases towards the edges of the visual field.
Sudden changes in brightness are noticed faster when they occur closer to the edges of
the visual field [29].
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Figure 5.7: Visual field of left and right eye.

The forward-facing horizontal field of view is slightly over 210◦ degrees while the
vertical field of vision is approximately 135◦ degrees [21]. In the forward-facing field
of vision within 30◦ degrees symbol recognition is possible while the area of comfort is
defined by a 60◦ degree visual range. Peripheral vision is considered to be from 60◦ to
110◦ degrees. Within this range a 35◦ degree for each side is the monocular peripheral
field of view, meaning that this specific part is the peripheral visual field for each eye
individually. From 95◦ to 110◦ degrees, is the part of far peripheral vision which, as
stated above, has the highest sensitivity in brightness changes.

Figure 5.8: Central and peripheral view illustrations.
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The vertical field of vision is also divided into central and peripheral vision. The
central field of view, in this case is 55◦ degrees and this area includes symbol recognition
and the comfort zone. The central part of the visual field is the focus area. The upper
peripheral visual field is 35◦ degrees while the lower part is 45◦. The lower part of
peripheral vision is responsible for the monitoring of the ground.

Even though both central and peripheral vision are essential for perception, this the-
sis focuses mainly on the peripheral field of view and more specifically on its develop-
ment regarding children. Visual development is a fundamental factor for perception and
cognition.

Peripheral vision and cognition

Vision is frequently related to cognition and learning, especially regarding children.
Even though during the first developmental stages, haptic perception is the dominant
sense leading and regulating perception, vision is predominant during the transitional
stages and is used by children to mimic new skills [54]. Peripheral vision is related to
learning activities and reading skills [23]. Nevertheless, peripheral vision in children is
different compared to adults, since its development continues until the age of twenty-
two. The left part of the peripheral field of view tends to be slightly more advanced
following the way children learn to write and read, from the left to the right [41] [91].
For written languages which follow the opposite direction, the right part of the periph-
eral vision is more sensitive.

Reading and writing are two of the most complex skills a child learns. The way a
text is read requires the combination of central and peripheral view since the eyes move
in a specific direction. The eye’s movement results in the understanding and decoding
of the given text. It is supported that in the same way written language is understood,
symbols and signals are also perceived regarding peripheral vision [11].

5.4.3 Eye movement

Eye movement tracking has been used as a tool for various researches since it can reveal
the way the eye explores and identifies the main elements of space [23]. Eye movements
do not occur independently since the target is always the same for both eyes [8]. Studies
regarding eye movements have revealed a link between the process of visual instruction
and communication. The processes of reading and writing are linked to eye movements
since their performance is not possible when having fixation points. Eye movement char-
acteristics vary according to learning activities and difficulty. Hence fixation points also
depend on the task, difficulty and age of the child. Eye movements or more specifically
fixation point stimuli vary when comparing children and adults. Children tend to fixate
more on negative stimuli while adults have extended fixation points for neutral or posi-
tive stimuli. Additionally, children cannot fixate on specific points for too long while for
adults, it is easier to keep their eyes on a particular point for an extended period [23].
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5.4.4 Visual development in children

Vision differs in infants, children and adults since it undergoes a developmental process
that lasts till adulthood. From the moment the eyes begin to appear during the second
week of pregnancy until adulthood, vision continually changes. Visual differences have
an impact on perception and in the decoding process regarding one’s surroundings.

From the moment a child is born, and for the first three years of life, the eyes and
vision undergo rapid changes. Most babies are hyperoptic when born while astigmatism
is common in infancy as well. Iris pigmentation occurs after birth, and the colour of the
iris darkens during the first two years before acquiring its final colour [45]. Infants
tend to perceive space as a fluid mass since they can only distinguish details of objects
being close to them, and their surroundings are perceived as a blurred image [63]. Their
attention mainly focuses on central view, as the expansion of their horizontal and vertical
visual field evolves significantly during the first six months resulting in a field in terms
of degrees closer to the one adults have [46] [28]. The focus on central vision is linked
to the fact that spatial resolution is higher when the presented stimuli are part of the
central vision and not in the peripheral visual field [12].

The progress of visual development is also apparent in preschool children and specif-
ically regarding peripheral sensitivity which increases significantly from the age of three
till the age of six. At the same time, visual acuity reaches its peak at the age of three
[45]. During this time, visual development affects spatial perception, given that it is
either perceived as "far space" or "near space". The peripheral field of view continues
to expand and evolves until the age of twenty-two, meaning that up to that age, the
peripheral field of view is more restricted compared to an adult. The changes, though,
are not that intense compared to the first years of age. By the age of fifteen, peripheral
sensitivity is similar to foveal sensitivity for static targets [42].

5.5 Design directions

The definition of the research question, along with the creation of success criteria, are
used to create a frame within which the design evolves. The combination of these el-
ements defines and highlights the main design directions of the project. Within these
directions are the use of human scale in terms of light topology, aiming in the enhance-
ment of spatial cognition by focusing at the same time on the peripheral view of the
users.

Furthermore, the creation of a rhythmic pattern aims in the distinction of the various
activities during the day. The change in brightness is of utmost importance since based
on the analysis, there is increased sensitivity in the peripheral view. The colour temper-
ature is going to be stable due to the focus on the peripheral vision, according to which
the peripheral field of view is not sensitive to colour discrimination. The directions, as
mentioned above, are enhanced and translated into a specific design framework.
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Design framework

The investigation of the four different topics resulted in gathering essential elements for
the development of a design framework. This framework comes as a result of composing
spatial elements, site (use case) analysis and light investigation, both in terms of existing
electric light but also natural light and therefore proposing a set of tools and steps that act
as guidelines for the analysis process. Through the presented illustration, the description
of the proposed design framework is presented.

Figure 6.1: Illustration showing the steps composing the proposed design framework.

This framework constitutes a series of steps, primarily focusing on the spatial char-
acteristics of the investigated space. Since architecture and design use elements as signs
in the space, their investigation is fundamental [44]. The analysis of spatial signs es-
tablishes a profound understanding regarding space itself is essential for the design
proposal. Furthermore, the purpose and specific use of the space needs to be stated
along with potential problems that need to be resolved. This step is essential since it is
the basis on which the design will evolve. The spatial and functional analysis lead in the
investigation of light. This part begins with the description and illustration, if needed,
of the existing lighting situation, both electric and natural light. Additionally, by com-
bining the previous steps, the analysis is performed in terms of additional light layers in
space[62]. At this point, it is necessary stating that there is a theoretical parameter, the
synthetic principles, acting as common ground by synthesising and linking the spatial
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and light analysis. The merge of these steps contributes to the design solution/proposal
for the particular space.

The proposed design framework can be applied in any space, providing multiple
design alternatives. Moreover, even though the steps can be the same, the resulting
design proposal is based on the unique characteristics of each space. In that sense, the
characteristics of each space which determine its identity are used for its enhancement.
Considering that the identity of each space is unique, so are the elements composing
it. Respectively, the elements and the approach used for resolving existing problems in
space is also unique.

As illustrated below, the proposed workflow is the application of the design frame-
work in a use case or multiple use cases and the proposal of multiple designs. The
recommended steps are to be consistent for every case, and the variable is the func-
tionality and spatial characteristics of each case determining the proposed design. What
needs to be highlighted is that from a single-use case will emerge more than one solution
in terms of design. The concept might be the same, but the application may be achieved
in a variety of ways.

Figure 6.2: Illustration showing the way the framework can be applied resulting in multiple designs based
on a use case.

The current project contains an example of the way this design framework can be
applied and will be presented in the form of an investigation of a case study introduced
in the following chapter.

6.1 Spatial analysis

"But form is conceived as an approximation as faithful as possible to the referred
content, which remains unutterable." (Pellegrino, 2006, p.3) [62]

The first set of steps concerns the spatial elements of the chosen space, focusing on
their interpretation and understanding in terms of spatial semiotics [33]. Since archi-
tecture’s primary goal is the creation of useful and functional space, the analysis of an
existing space lies in the investigation of its compounds separately as presented in the
illustration below.



6.1. Spatial analysis 35

Figure 6.3: The steps of spatial analysis.

Firstly, a study of movement in space is conducted under various scenarios linked to
the function of the space [25]. For instance, in case the area of interest is a train station,
different movement studies need to be performed to reveal the way people move during
rush hours and how the mobility changes under lower circulation. After the investigation
of space’s mobility, the main spots of interest are revealed, which are defined as the areas
of space with a higher concentration in human mobility. Following the example used
above these points of interest might be passages leading to the exterior space, a different
platform, waiting areas or even purchase points. The third step is the investigation
of the dominant shapes and lines appeared in the spots of interest. Those elements
can potentially be used as signs or symbols in space by making them stand out. The
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following step incorporates the use of colour in space. The geometry and colour analysis
also reveals the balance of their composition, which is fundamental for the creation
of a unified environment [65]. The final step of the spatial analysis incorporates the
previous steps and aims in spotting the dominant elements of space to further use them
for creating a basis for lighting [62].

6.2 Light analysis

The gathered data from the previous stage are the input for the light investigation. The
first part is the description and evaluation of the existing lighting, in terms of natural
light input, and lux levels regarding the electric light. For the needs of the current project,
the proposal aims in the creation of an additional light layer; therefore, the standards are
not part of the evaluation factors of the final proposal. The second step in the process is
the definition of possible light placements based on the needs and scale of the space and
its users.

Figure 6.4: The steps of the light investigation.
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The element of scale is essential in terms of light topology since perception is influ-
enced both by spatial and human-scale [22]. Lights’ placement needs to be followed by
the analysis of the way light might enhance or define the different activities which take
place in the space. The lighting scenarios should support the various functions of the
space. Colour as a light variable can also be a factor indicating the change of spatial func-
tionality or activity. The last part of the process is the investigation of rhythm. Rhythm
can be used as an indicator of change and movement in the space [84]. The rhythm as
a light variable can be expressed through brightness variations. Summing up, the steps
described above contribute to the creation of a light-based design proposal.

6.3 Synthetic principles

"The ratio between rising and reposing, lightness and weight, independence and de-
pendence, is at the very core of the human sense of what life is and ought to be, and
as such it is a principal variable of style." (Arnheim, 1980, p.45) [75]

As Arnheim states in his book Art and Visual Perception, the way our surroundings
are perceived is holistic and unified. Visual perception in a glance is a unity of elements,
textures, colours, lights and details [65]. The way space is synthesised and composed is
based upon design principles. These principles are used as guidelines for the creation
of a balanced and harmonious outcome. In the proposal of the guidelines mentioned
above, the synthetic principles are the common ground for spatial and light analysis.
These principles, which are widely used in the design process, are found both in the
spatial and light analysis. The following illustration summarises the principles that will
be further analysed. The present study focuses primarily on the elements of balance,
rhythm, contrast and scale.

All six principles are codependent and interconnected even though in some cases
seems to be treated independently. In reality, a proposed design solution, embodies
all six principles, even though some of them are easier to distinguish even by users
not related to design. The first one to be analysed is the principle of balance which
is seemingly an intangible and abstract notion that cannot be translated into apparent
spatial relationships. Balance is perceived and detected almost in an automated and
occasionally subconscious way by the viewer without necessarily having a particular
background related to design.

"We do not establish sizes, distances, directions, singly and then compare them piece
by piece. Typically we see these characteristics as properties of the total visual field."
(Arnheim, 1974, p.11) [65]
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Figure 6.5: Synthetic principles are the common ground between spatial and light analysis.

As stated by Arnheim, balance is the perception of a composition as a unit and not
separate elements. Design-wise, balance is primarily linked to the perceived weight of a
synthesis. A spatial element that can be used as an example to investigate balance is a
plain wall of a room. Anything placed in the lower part of the wall increases the "weight"
of the bottom part leading the viewer to concentrate on it, so weight is influenced by
location. Balance also depends on the size and spatial depth, since the relationship of
an area and a single element affect perception [76]. Apart from size and location, colour
can as well affect the balance of composition since bright colours seem "heavier" than
dark ones [65]. The notions of size, placement and colour can be used as an expression
of the second principle that is rhythm. Rhythm in space can be communicated through
the repetition of the same element or group of elements. The success of its use lies
in the analogy that can either be topological if the repetition is based on placement,
dimensional in case the repetition follows the size of the element or related to saturation,
hue and brightness in case of colour.

The next two principles are frequently used together. Using axis mainly aims in the
division of space symmetrically or asymmetrically. An axis is fundamentally used as



6.3. Synthetic principles 39

a guideline for the design process. The principle of symmetry can be achieved in four
ways. Through rotation, reflection, glide reflection and translational symmetry. The first
two alternatives are more natural to distinguish compared to the last ones [16].

There is a variety of approaches to be used for achieving the principle of contrast.
There can be a contrast in terms of brightness, saturation, intensity, size or shape. Con-
trast can be applied to highlight an element or attract attention to a specific area. An
example of contrast is the application of bright and warm colours in staircases of public
spaces for enhancing peoples’ awareness [84]. The last principle is the element of scale.
The definition of scale is the apparent relationship between spatial elements or the re-
lationship between the space itself and the scale of the user. The design focuses on the
human scale not only through the creation of objects following the science of anthro-
pometry but also by creating spaces which respond to and follow the human scale.





Chapter 7

Case study

The current case study will act as an example of the design framework’s application,
described in the previous chapter. The chosen case study is a primary school situated
in Athens, Greece. The following floorplan depicts the first floor of the school where
the two classrooms of third and fourth grade are located. The classroom on the right
is a fourth-grade classroom, and the one on the left is the third-grade classroom. The
two classrooms were chosen due to their differences in orientation and layout in order
to investigate two separate scenarios.

Figure 7.1: School floorplan. The coloured areas are the investigated classrooms.

In the following sections, the steps composing the design framework will be applied
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and explained. During the analysis process, since each step will be presented for both
classrooms in parallel, the third-grade classroom will be presented initially, followed by
the fourth-grade classroom analysis.

7.1 Spatial analysis

The first part of the analysis is the spatial investigation. In the following subsections, the
essential elements of space will be pointed out and analysed, leading to the composition
of a spatial pattern as a final step.

7.1.1 Movement in space

Movement in space was investigated through the analysis of students’ mobility. Since
the collection of data in terms of spatial movement was not feasible, the analysis is
based upon the students’ hypothetical trajectories in the classroom. The investigation of
movement under two different scenarios was analysed. The first one is the movement in
the classroom during a course, and the second scenario is the movement in the classroom
during break time. The nature of the course is not significant at this point and was not a
variable for this step. In the following floor plans illustrating the third-grade classroom,
the hypothetical movements linked to the layout of the desks in the classroom are visible,
along with the paths’ change under the two different scenarios.

Figure 7.2: Floor plans illustrating the hypothetical trajectories of students (third-grade classroom).
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The left floorplan illustrates the paths created during a course while in the second
floorplan, the movement changes during the break time scenario. Based on the trajecto-
ries, a set of heat maps illustrating the different scenarios were produced. The colours
in the heat maps represent the motion density in space. Red colours represent the areas
with a higher concentration of trajectories, while areas of lower mobility are in blueish
colours.

Figure 7.3: Heat maps illustrating the movement density in space (third-grade classroom).

The same process was followed for the analysis and illustration of the students’ hypo-
thetical trajectories in the fourth-grade classroom. The hypothesis concerning movement
is based on the general layout of the classroom and the elements found in it. The pri-
mary difference between the two classrooms is the layout of the desks and therefore, the
difference of possible movements under the two scenarios.

The following floor plans illustrate the possible paths of students under different
scenarios. The left floorplan demonstrates the motion during a course, while the right
plan represents the possible movement at break time. As seen in the previous classroom,
both cases share some characteristics in terms of movement since the density of paths
are similar closer to the board and the door, respectively.
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Figure 7.4: Floor plans illustrating the hypothetical trajectories of students (fourth-grade classroom).

The creation of the heat maps results in the analysis of the motion density in space.
The red areas represent the higher density of movement as in the previous classroom.
Similarly, to the third-grade classroom, higher density is apparent in the area closer to
the board during a course, and during break time, there is a higher concentration closer
to the door.

Figure 7.5: Heat maps illustrating the movement density in space (fourth-grade classroom).
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7.1.2 Points of interest, lines and shapes

The first step in spatial analysis revealed the points of interest under two different activ-
ities in the classroom. These points are defined by the density of motion indicating each
activity. In both classrooms, the points of interest are the same based on the hypothetical
movement in space.

The first row of sketches depicts the areas of interest of the third-grade classroom,
which are the areas around the board and the door. These areas are the dominant
elements in space symbolising the teaching activity, which occurs in the classroom and
the activities that take place outside of the classroom, such as break time.

Figure 7.6: Points of interest of the third-grade classroom.

The second row of sketches illustrates the points of interest in the fourth-grade class-
room. The areas are the same as stated above, based on the previously analysed move-
ment in space. The area around the board and the door are again the dominant elements.
The comparison of these sketches results in a clear distinction regarding the layout of the
elements in the classrooms. Therefore, the geometry and shapes of these four areas are
similar. The dominant shapes are solid rectangles and squares. The geometry of these
elements will be fundamental for the pattern creation since they can potentially act as
signs in space.

Figure 7.7: Points of interest of the fourth-grade classroom.
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7.1.3 Colour in space

The next step in the process is the use of colour in the classroom. Colour is an essential
factor of the perceived atmosphere which also affects spatial perception. The investi-
gation of the existing colour palette is also essential for lighting since the properties of
colours, such as saturation and hue, also affect the used lighting in space. The used
colours synthesise the colour palette as it is shown below each photo; therefore, the in-
vestigation is focused primarily on the tones found in the points of interest mentioned
above.

Figure 7.8: Colour palette in the third-grade classroom.

For the third-grade classroom, the most used colours in the space are the ochre of the
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wall and the dark colour on the floor, followed by the green hue which denotes the area
around the board. Additionally, there are also coloured lockers next to the door, which
is the second point of interest.

The colour palette in the second classroom is similar to the third-grade in terms of
wall and floor colours. There is also a coloured area around the board, indicating where
the information is enclosed during the course. The difference in this classroom is the
colour of the wall strip where the board and projection area are situated. There is a
darker green tone compared to the third-grade. The wall where the door is located has
no other elements compared to the previous situation making ochre the dominant colour
in this area.

Figure 7.9: Colour palette in the fourth-grade classroom.
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7.1.4 Pattern

The creation of a pattern in space is the result of all previous stages while at the same
time, focuses on the element of the peripheral view as a fundamental design parameter.
The initial concept is related to the users’ scale leading to scaling down of one of the
dominant elements in space, which is the door. This re-scaling process aims in creating
a frame that is related to children’s scale in terms of dimensions.

The first set of sketches addresses the pattern creation of the third-grade classroom.
Through rhythmic repetition of the door’s shape, a set of rectangles appears. Due to
the existence of the lockers on the same wall, only a part of the pattern can be visible.
The symmetrical mirror of the same pattern on the wall acts as a visible extension of its
hidden part. Another element that needs to be taken into consideration is the area of
information. The use of green colour delimits this area, making it stand out in space. The
extension of this colour on the sidewall highlights the students’ peripheral view, while
they are sitting on their desks. The boards and projection area are part of the central
view for the students and are also their focus area during the course. The resulting
geometries from the repetition and combination of dominant elements lead in a linear
light configuration that is visible in the last row of sketches.

Figure 7.10: Concept sketches for third-grade classroom.

The same idea was applied in the fourth-grade classroom only in this case, the area
around the door did not contain any additional elements. The same scale down process
was followed, through the rhythmic repetition of the door’s shape. In this case, the
choice of different sides from the resulting rectangles led to three different linear light
configurations. The reason only specific sides were chosen instead of whole shapes is
that lines and shapes are primarily perceived in terms of spatial cognition by children.
In addition to that, the pattern should not distract the users by occupying a large area of



7.1. Spatial analysis 49

the wall and therefore creating unnecessary contrast in space.

Figure 7.11: Concept sketches.

As stated previously, the second point of interest is also incorporated through the
extension of the green area which surrounds and highlights students’ focus. The second
matrix of sketches illustrates the way that the created pattern can be used in combination
with the horizontal extension of the board. For the fourth-grade classroom, the last light
configuration will be further analysed as an example.

Figure 7.12: Concept sketches for fourth-grade classroom.
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7.2 School schedule

The following step, after the analysis of spatial elements, is the incorporation and in-
vestigation of space’s use. The purpose and use of space are mirrored in its design and
follow the users’ needs. The scope of this case study is an educational space; therefore,
its purpose is defined by the daily schedule of each class. Based on the structure of
the Greek educational system for primary schools, each grade has a main classroom,
in which the majority of courses take place. The role of the primary classroom is the
creation of a familiar and stable environment for the children [98].

Based on the two grades, a study of the daily schedule was performed. The goal of
this investigation is to gain an insight regarding the frequency the classrooms are being
used [100]. Both for the third and fourth grade the amount of courses per week is the
same. There are eleven courses in total, of which five take place in different classrooms,
and two of them can potentially be performed in another classroom throughout the year
[99]. Depending on the schedule, the activities are divided into three different types.
These types derive from the taught courses and the use of space in each case. Firstly,
there are courses taught in the investigated classroom without resulting in any transitions
in terms of space. Afterwards, there are courses taught in a different classroom from the
investigated one, which result is a transition period between the courses. Additionally,
there are courses which can occasionally be taught in another classroom, leading to
a possible transition between spaces and lastly there is break time, which is the most
extended type of transition.

Figure 7.13: Summary of the activities and transitions.

The mapped transitions to the schedule’s courses and the different use of classrooms
result in the need for the creation of three different lighting scenarios which will corre-
spond to each transition. Every scenario will indicate the type of transition that takes
place and act as an indicator of change in the space. The change in lighting will inform
the children that the current activity is over, and it is the time for either a break or a
different course.
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7.3 Light analysis

The last part of the process is the investigation of light. In order to propose a new lighting
scenario, the examination of the existing lighting is necessary. Natural light, especially
for educational spaces, is a fundamental environmental factor in terms of design, being a
key element and contributing both in well-being and students’ performance. The current
proposal does not interfere with the functional light layer, which in this case is the ceiling
light, and does not eliminate or affect the natural light intake either. The first step of the
analysis focuses on the understanding of the existing lighting situation.

7.3.1 Existing light in space

Natural and electric light were investigated separately in order to gain an overview of
the current situation and create a proposal which does not contradict the existing light
of the space. For the analysis of the natural light, the model was geolocated for having
the right orientation and consequently the correct daylight intake. Four rendered images
were created representing the solstices and equinoxes of the year. The time was set at
10.30 a.m for all renders.

Figure 7.14: Natural light intake, third-grade classroom.

The first set of illustration depicts the third-grade classroom. There is a minimum
amount of daylight in the illustrations depicting March and September equinox, as well
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as in the summer solstice illustration. According to the illustration depicting the winter
solstice, there is more daylight. The creation of a light pattern at the back of the room is
apparent in this case.

The following step consists of a Dialux study that represents the electric light in
the classroom. According to the lighting standards and regulations, for educational
spaces in Greece, the minimum lux levels should be 300 lux. In the current situation, the
average lux levels are 300lux, and the levels in the working areas, which are the desks,
are approximately 700lux.

Figure 7.15: False colour representation of the light levels in the third-grade classroom.

The last illustrations of the third- grade classroom are an approximation of the
amount of light during the summer and winter solstice. In these photos the electric
and natural light co-exist.

Figure 7.16: Coexistence of natural and electric light in the third-grade classroom.
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For the fourth-grade classroom, the same process was followed. At first, a matrix il-
lustrating the solstices and equinoxes was made. Sunlight and daylight in this classroom
are more intense than the third-grade, due to the difference in orientation. The rendered
images reveal that this classroom has more daylight throughout the year. During the
March and September equinox, the position of the sun is similar judging for the resulted
shadows, as for the summer solstice, it seems that the elevation of the sun is higher
compared to the equinoxes, and the sunlight enters a small percentage of the classroom.
During the winter solstice, the sun’s elevation is lower, resulting in an increased daylight
intake at an earlier time of the day, since the time is set at 10.30 a.m.

Figure 7.17: Natural light intake in the fourth-grade classroom.

Additionally, the classroom model was recreated in Dialux for the presentation of the
existing light levels on behalf of the electric lights. The ceiling lights are representing the
functional layer in the space. The light levels are similar to the previous classroom. The
average light levels are above 300 lux, and on the working areas, the light levels are 700
lux.
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Figure 7.18: False colour representation of the light levels in the fourth-grade classroom.

The last set of illustrations gives an impression of the way the classroom appears
when natural light and electric light are present in the space. The first rendered image
depicts the summer solstice while the second one illustrates the winter solstice.

Figure 7.19: Coexistence of natural and electric light in the fourth-grade classroom.

Investigating the existing light was a necessary process since the goal of this proposal
is the creation of an additional light layer which depends on the daily schedule but does
not have a functional character in terms of task functionality and lighting standards.
Hence, the profound understanding of the current atmosphere and lighting is necessary.
The conclusion drawn from this step is that the two classrooms have differences regard-
ing daylight intake, which are related to their orientation. Therefore both classrooms
have a certain amount of daylight for a considerable time of the year.
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The ceiling light follows the set standards for educational spaces in Greece. Conse-
quently, the result is the creation of a stable lighting situation without changes through-
out the day. The existing lighting remains the same in terms of intensity and colour
temperature throughout the whole year. The current lighting is supposed to have the
same intensity and colour temperature regardless of the exterior situation. The stability
of the electric light levels results in the creation of functional but non-adjustable and
dynamic lighting, which might as well be characterised as boring. The extra light layer
aims in creating transition times, through the elements of rhythm and intensity. The
proposed lighting will momentarily create contrasts in space, making it more dynamic
and active. The extra light layer will be turned on only during the transition periods and
not during the courses, for avoiding the creation of unnecessary contrasts.

7.3.2 Topology

The lights’ placement is essential for the perceptual process and needs to be related to
the peripheral view. The use of colour in the sketches defines the limits of the peripheral
view. The coloured line acts as an extension of the central area within which the board
is placed. Therefore, the proposed configurations in both classrooms consist of lights
placed within this peripheral view area. The use of specific lights from the configurations
corresponds to the three lighting scenarios according to the daily schedule analysis. As
stated, the first two scenarios are related to transitions between courses while the third
one will be the scenario indicating break time.

The arrangement of the proposed scenarios takes place on the wall where the door
is located. Since the study focuses on the peripheral view, there are two options related
to the peripheral view. A trifold of sketches illustrate the wall with the board in the
middle, and on each side, the sidewalls. The lighting proposal can only be placed on the
wall of the door since the second option is the wall where the windows are placed, and
therefore on the height of the peripheral view, there is no open area. Furthermore, the
proposal does not aim to contradict the natural light, so its placement should not be on
the same side of the peripheral view as the windows.

The first set of sketches depicts the third-grade classroom. Looking at the middle
sketch one can understand in which part each element is situated. The door is on the left
wall while the windows are on the right side of the room. Hence the proposal will take
place in the left wall.

Figure 7.20: Third-grade classroom trifold.
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The second row of sketches illustrates the fourth-grade classroom. The difference,
in this case, is the placement of the windows, which are on the left wall compared to
the previous classroom. This difference results in the proposal being placed on the right
wall.

Figure 7.21: Fourth-grade classroom trifold.

Based on the activities, a different number of lights will be used as indicators. The
middle area of the wall highlights the area of information in which students’ attention
is focused. As analysed in the pattern creation, the students’ peripheral view during a
course, since they sit on the desks, is the middle part of the wall, which corresponds
to the height of the board. The lights placed in the middle part are to be used for
transitions between courses. In contradiction to the course transition, all lights will be
used to signify break time, creating a different lighting scenario.

In the following sketches, the two scenarios are depicted. The first sketch depicts
the area of application, while the second one shows which lights will turn on as an
indication of break time. The last sketch illustrates that only the lights placed on the
height, that is an extension of the board will turn on for transitions between the courses.
The choice of different lights for each scenario is also linked to the available time frame
for each transition. The transition period between the two courses is shorter compared
to the transition leading to break time.

Figure 7.22: Topology of light for the third-grade classroom.

The same principle is followed for the fourth-grade classroom. The second sketch
addresses the break time scenario, while the last sketch illustrates the course transition.
The number of used lights under the scenario addressing course transitions is reduced
since only four out of seven lights are used.
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Figure 7.23: Topology of light for the fourth-grade classroom.

The following renders are an approximation of the way the peripheral view perceives
the proposed light configurations. For their production, a camera with a field of view
similar to the human eye was used in order to extend the rendered frame. The area that
is in colour indicates the peripheral view. The renders were produced for three differ-
ent positions for each classroom. In the illustrations, the lights’ placement is primarily
perceived by the peripheral field of view following the set success criteria.

Figure 7.24: Render illustrating the central and peripheral view in the third-grade classroom.

Figure 7.25: Render illustrating the central and peripheral view in the fourth-grade classroom.

7.3.3 Colour and rhythm

The last step in the light investigation is related to the use of colour and rhythm as light
variables. Apart from the placement and number of used lights for each scenario, the
rhythm and intensity are valuable indicators for the proposal. The colour temperature of
the light configurations will be stable. For the produced renders the colour temperature
was set in 3500K and kept the same. The proposed variables are the lights’ intensity
and rhythm. Changes in intensity and movement are primarily perceived by peripheral
vision, making them valuable variables.
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Before the description of the matrices presented above a summary of the needed
lighting scenarios is necessary. According to the schedule, three types of transitions take
place:

• Break time

• Change of used space due to change of course.

• Occasional change of used space due to the course.

These transitions correspond to three different lighting scenarios. The following table
summarises the differences between the scenarios indicating the rhythm and number of
lights used in each case. The rhythm and intensity changes of the lights also differ. The
first scenario which corresponds to break time has the slowest rhythm, while at the same
time all light fixtures are used. The second scenario indicates the transition between
courses which require a change of classroom. In this case, the rhythm is moderate, and
a limited number of the lighting fixtures is used. The last scenario is related to the
occasional change of classroom for some courses. This scenario has the fastest rhythm,
and a reduced number of lights are used in this case, similar to the previous scenario.

For all three scenarios, the direction of this "light movement" aims at the door. The
conveyed message in all cases is that a different space from the current classroom needs
to be used. The light acts as an indicator of change and a guide at the same time in
space.

Figure 7.26: Table illustrating the three lighting scenarios.
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The following matrix illustrates the way lights turn on one after another, following a
direction that leads to the door. The lights symbolise the movement towards a different
space. This series of rendered images illustrates the first lighting scenario. Hence all the
lights eventually are turned on in the last image.

Figure 7.27: Used lights under the break scenario, for third-grade.

This series of renders may correspond to both the second and third scenarios since
it is not possible to illustrate how fast the light turns on by using still images. In these
cases, only the lights that are on the same height as the board area turn on. The difference
between the two scenarios is the rhythm, which, as stated above, is faster in the third
scenario, meaning that the lights turn on one by one within a shorter period.

Figure 7.28: Used lights under the course scenario, for third-grade.
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The same changes in rhythm and number of light fixtures were followed for the
fourth-grade classroom as well. The following rendered images illustrate how the lights
turn on directing the user towards the door. All the lights are being used as an indication
of break time.

Figure 7.29: Used lights under the break scenario, for the fourth-grade classroom.

The last series of illustrations shows the second and third scenario, as well. The
number of lights, in this case, is also reduced, although the way lights direct the user
remains the same. In this case, the rhythm also differs as the last lighting scenario has
the fastest rhythm.

Figure 7.30: Used lights under the course scenario, for the fourth-grade classroom.
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Alternative proposals

The available proposal for each grade is affected by the use of colour; therefore, three
alternative proposals are presented for each classroom. The design of the light configu-
rations remains the same, and the alternative design relates to the existence of colour in
space. Colour affects light perception since every colour has a different effect in terms of
reflectance and light absorption. Additionally, colour and light are also linked to spatial
perception, since the amount, saturation and placement of colour in space might create
an altered impression in terms of brightness and spaciousness. Based on the colour’s
quantity in space and the amount of time it is present in the field of view, the users’
perception is adjusted [84].

The creation and presentation of alternative design solutions are necessary in order
to meet the different needs of the space. Furthermore, it is an integral part of the design
process having alternative proposals to be evaluated by the future users of the space
itself. The colour as it has already been mentioned is an intangible and fluid element
that cannot be treated in the same way since it depends on the individual spatial elements
of each case.

The following renders illustrate the three alternatives regarding the third-grade class-
room. In all cases, the lights’ parameters were the same. The directionality of the light
was set to 0.4. The colour temperature was to 3500 lux, and the intensity was the same
for all lights. In the first render, the rectangles formed by the light fixtures are coloured
while the second approach is the use of colour as an extension of the board area, sur-
rounding the light—the third option is the proposal of the light configuration without
additional elements of colour.

By comparing the three alternatives, one can see the different impression space might
give. In the first rendered image, the light appears brighter compared to the second and
third since the use of the specific tone of colour enhances light’s appearance and per-
ceived intensity. The use of colour in the second rendered image might seem excessive,
even though its tone and saturation do not create unnecessary contrasts with the existing
palette; as for the last render, it is more subtle since the only addition is light.
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Figure 8.1: Alternative no.1 for the third-grade classroom.

Figure 8.2: Alternative no.2 for the third-grade classroom.
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Figure 8.3: Alternative no.3 for the third-grade classroom.

A similar use of colour was performed in the fourth-grade classroom. In the first
case, the squares formed by the light were coloured. The used colour is the same as the
one around the board area, which pre-existed. The second alternative is the placement
of colour around the perimeter of the rectangular elements formed by light, while the
third approach is the addition of light without coloured elements.

The alternatives have various spatial results based on the presence and absence of
colour. The comparison of the first two illustrations, concludes in different opinions
regarding the created space. In the first case, the colour gives the impression of absorbing
part of the light, and even though the intensity is the same in all three cases, the lights
seem more intense in the second and third image. In the second illustration, the use
of colour seems a bit distracting, even though it has the same saturation as the colour
that already exists around the boards. This impression might be apparent due to the
saturation and hue of this particular colour. In the last rendered image, even though
there is no colour added, the space is different, and due to the fact of no existing elements
on this wall, there is a flow of light that creates balance without seeming incomplete or
empty.
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Figure 8.4: Alternative no.1 for the fourth-grade classroom.

Figure 8.5: Alternative no.2 for the fourth-grade classroom.
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Figure 8.6: Alternative no.3 for the fourth-grade classroom.





Chapter 9

Discussion and future work

The focus of this study was the investigation and implementation of lighting as an indi-
cator of change in space. Following one of the essential biological needs for light that is
related to time orientation, electric light needs to be designed accordingly [15] [48].

The element of light in this study becomes a visual component aiming in creating a
dialogue between space and its users. Previous research revealed that visual elements are
extensively used in education since they are immediate to understand, and the conveyed
information is engraved in children’s memory [31]. The literature review created the
desired theoretical basis, which relied on human-scale, spatial cognition and peripheral
vision as domains affecting light perception. The combination of the analysis deriving for
the various scientific fields resulted in the proposed design framework. The development
of this theoretical set of tools for spatial and light analysis led to its theoretical application
in a primary school. This school was used as a case study since physical tests and
observations were not possible during this time frame.

The resulted design proposals were illustrated through the use of 3D software, and
their evaluation depended on the set criteria and design directions. The role of this
extra light layer was the creation of transition periods between activities. The lights
were turned on only during the transition periods, based on the daily schedule. The
height and topology of the proposed light configurations followed children’s peripheral
view and scale. The lights’ intensity created momentarily contrasts suggesting activity
changes in space. The colour temperature and directionality of the light fixtures re-
mained stable in all three proposed cases. It is worth discussing the interesting facts
revealed by the application of the design framework. The design methodology results
in multiple suggestions allowing both the designer and the future user to evaluate and
choose the solution that best fits the space.

In addition to the presented results, the limitation regarding physical tests and di-
rect observations unveiled some variables which require further testing. One of these
variables is the lights’ colour temperature. The set CCT was 3500K, though it needs
to be further investigated whether the colour temperature should change based on the
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time of day or season and if this change is perceivable or not. Furthermore, another
aspect that is not analysed is the exact time frame of each transition period. For this
variable, an actual experiment needs to be designed. The experiment needs to focus on
the appropriate interval for each lighting scenario. The proposal of two or more periods
within which the lights gradually turn on having the same intensity, can be presented in
the peripheral field of vision and then evaluated in terms of perception and annoyance.
Finally, the intensity of the proposed light should also be further analysed in terms of
contrast under different weather conditions. For instance, in the case of sunny weather,
the sunlight is more intense. Therefore, the overall impression of the space is brighter,
and the light configuration should also have a higher intensity. On a cloudy or rainy day,
the intensity value cannot be the same since it might result in visual discomfort.

The overall outcome is that the presented framework results in multiple configura-
tions allowing their evaluation both by the designer and the future users, engaging them
to participate in the process.



Chapter 10

Conclusion

This thesis aimed in the implementation of light as a visual component in interior space,
to enhance time orientation. The way messages are conveyed through visual languages
was the leading point in the development of lighting design. This design acted as a
basis for the establishment of a dialogue between the space and its users. The analysis
of spatial elements combined with the investigation of the existing lighting situation in
the space was the foundation for the development of design proposals. A set of tools
was proposed and then applied in a case study, to result in multiple design solutions.
The use and activities taking place in the investigated space acted as a framework for
the definition of the required lighting scenarios which needed to be implemented. The
elements of human scale and peripheral vision were the guidelines of the design pro-
posal. The resulted design was an additional light layer, following the daily schedule
and indicating the change in spatial activities throughout the day. The proposed light
was designed following the users’ scale, while at the same time acted as an ambient clock
indicating the passage of time.
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[33] Juodinytė-Kuznetsova, Kristina. “ARCHITECTURAL SPACE AND GREIMAS-
SIAN SEMIOTICS”. en. In: Societal Studies. (2011), p. 12.

[34] Kahane, Josiah, Kahane, Josiah, and Kahane, Josiah. How Your Brain Understands
Visual Language. en-US. Library Catalog: www.fastcompany.com. June 2015. url:
https : / / www . fastcompany . com / 3047340 / how - your - brain - understands -
visual-language (visited on 04/02/2020).

https://medium.com/@andybywire/designing-for-the-human-scale-2f3608252b1f
https://medium.com/@andybywire/designing-for-the-human-scale-2f3608252b1f
https://doi.org/10.1016/S0896-6273(00)80464-X
https://linkinghub.elsevier.com/retrieve/pii/S089662730080464X
https://doi.org/10.2307/1415597
https://www.jstor.org/stable/1415597?origin=crossref
https://www.jstor.org/stable/1415597?origin=crossref
https://doi.org/10.1016/j.sbspro.2015.09.034
https://linkinghub.elsevier.com/retrieve/pii/S1877042815050521
https://doi.org/10.3758/BF03198765
http://link.springer.com/10.3758/BF03198765
https://www.youtube.com/watch?v=hsh2kPdgazo
https://www.youtube.com/watch?v=hsh2kPdgazo
https://idea-edu.com/
http://news.mit.edu/2014/in-the-blink-of-an-eye-0116
http://news.mit.edu/2014/in-the-blink-of-an-eye-0116
https://www.fastcompany.com/3047340/how-your-brain-understands-visual-language
https://www.fastcompany.com/3047340/how-your-brain-understands-visual-language


74 Bibliography

[35] Kakitsuba, Naoshi, Lee, Soomin, and Katsuura, Tetsuo. “Effect of Morning Bright
Light after Waking on the Morning Rise in Core Temperature”. en. In: LEUKOS
11.1 (Jan. 2015), pp. 3–9. issn: 1550-2724, 1550-2716. doi: 10.1080/15502724.
2014.981340. url: http://www.tandfonline.com/doi/abs/10.1080/15502724.
2014.981340 (visited on 04/08/2020).

[36] Kerry-Moran, Kelli Jo and Aerila, Juli-Anna, eds. Story in Children’s Lives: Contri-
butions of the Narrative Mode to Early Childhood Development, Literacy, and Learning.
en. Vol. 16. Educating the Young Child. Cham: Springer International Publishing,
2019. isbn: 978-3-030-19265-5 978-3-030-19266-2. doi: 10.1007/978-3-030-19266-
2. url: http://link.springer.com/10.1007/978-3-030-19266-2 (visited on
04/07/2020).

[37] Kirsten Jacobson and John Russon. Perception and its development on Merleau Ponty’s
Phenomenology. en. University of Toronto Press, 2017.

[38] Kitsaras, George et al. “Bedtime routines child wellbeing & development”. en. In:
BMC Public Health 18.1 (Dec. 2018), p. 386. issn: 1471-2458. doi: 10.1186/s12889-
018-5290-3. url: https://bmcpublichealth.biomedcentral.com/articles/10.
1186/s12889-018-5290-3 (visited on 04/08/2020).

[39] Knez, Igor. “EFFECTS OF COLOUR OF LIGHT ON NONVISUAL PSYCHO-
LOGICAL PROCESSES”. en. In: Journal of Environmental Psychology 21.2 (June
2001), pp. 201–208. issn: 02724944. doi: 10.1006/jevp.2000.0198. url: https:
//linkinghub.elsevier.com/retrieve/pii/S0272494400901981 (visited on
04/15/2020).

[40] Koskinen, Ilpo et al. “Design Research Through Practice: From the Lab, Field,
and Showroom”. en. In: IEEE Transactions on Professional Communication 56.3 (Sept.
2013), pp. 262–263. issn: 0361-1434, 1558-1500. doi: 10.1109/TPC.2013.2274109.
url: http://ieeexplore.ieee.org/document/6583271/ (visited on 05/19/2020).

[41] LaGrone, Cyrus W. and Holland, B. F. “Accuracy of Perception in Peripheral Vi-
sion in Relation to Dextrality, Intelligence and Reading Ability”. en. In: The Amer-
ican Journal of Psychology 56.4 (Oct. 1943), p. 592. issn: 00029556. doi: 10.2307/
1417358. url: https://www.jstor.org/stable/1417358?origin=crossref (vis-
ited on 05/21/2020).

[42] Lakowski, R. and Aspinall, P.A. “Static perimetry in young children”. en. In: Vi-
sion Research 9.2 (Feb. 1969), pp. 305–312. issn: 00426989. doi: 10.1016/0042-
6989(69)90008- X. url: https://linkinghub.elsevier.com/retrieve/pii/
004269896990008X (visited on 05/22/2020).

[43] Lam, William M.C. Perception and lighting as formgivers for arcitecture. en. New
York: Van Nostrand Reinhold. isbn: 0-442-01117-2.

[44] Lazutina, Tatyana V et al. “Semiotics of Art: Language of Architecture as a Com-
plex System of Signs”. en. In: SCIENCE EDUCATION (), p. 8.

https://doi.org/10.1080/15502724.2014.981340
https://doi.org/10.1080/15502724.2014.981340
http://www.tandfonline.com/doi/abs/10.1080/15502724.2014.981340
http://www.tandfonline.com/doi/abs/10.1080/15502724.2014.981340
https://doi.org/10.1007/978-3-030-19266-2
https://doi.org/10.1007/978-3-030-19266-2
http://link.springer.com/10.1007/978-3-030-19266-2
https://doi.org/10.1186/s12889-018-5290-3
https://doi.org/10.1186/s12889-018-5290-3
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-5290-3
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-5290-3
https://doi.org/10.1006/jevp.2000.0198
https://linkinghub.elsevier.com/retrieve/pii/S0272494400901981
https://linkinghub.elsevier.com/retrieve/pii/S0272494400901981
https://doi.org/10.1109/TPC.2013.2274109
http://ieeexplore.ieee.org/document/6583271/
https://doi.org/10.2307/1417358
https://doi.org/10.2307/1417358
https://www.jstor.org/stable/1417358?origin=crossref
https://doi.org/10.1016/0042-6989(69)90008-X
https://doi.org/10.1016/0042-6989(69)90008-X
https://linkinghub.elsevier.com/retrieve/pii/004269896990008X
https://linkinghub.elsevier.com/retrieve/pii/004269896990008X


Bibliography 75

[45] Lens, Al, Nemeth, Sheila Coyne, and Ledford, Janice K. Ocular anatomy and phys-
iology. English. OCLC: 933278932. Thorofare, New Jersey: SLACK, 2008. isbn:
978-1-61711-662-9. url: http : / / site . ebrary . com / id / 10806015 (visited on
05/22/2020).

[46] Lewis, Terri L. and Maurer, Daphne. “The development of the temporal and nasal
visual fields during infancy”. en. In: Vision Research 32.5 (May 1992), pp. 903–911.
issn: 00426989. doi: 10.1016/0042-6989(92)90033-F. url: https://linkinghub.
elsevier.com/retrieve/pii/004269899290033F (visited on 05/22/2020).

[47] Lingwood, Jamie et al. “The development of wayfinding abilities in children:
Learning routes with and without landmarks”. en. In: Journal of Environmental Psy-
chology 41 (Mar. 2015), pp. 74–80. issn: 02724944. doi: 10.1016/j.jenvp.2014.11.
008. url: https://linkinghub.elsevier.com/retrieve/pii/S0272494414001054
(visited on 08/29/2019).

[48] Lockley, Steven W. and Foster, Russell G. Sleep: A Very Short Introduction. en.
Google-Books-ID: iYI3GLTHzAUC. OUP Oxford, Mar. 2012. isbn: 978-0-19-958785-
8.

[49] Malcolm, John D. “VISUAL LANGUAGE: THE CONCEPT AND APPLICATIONS
FOR THE CLASSROOM”. en. In: (), p. 114.

[50] Malcolm, Norman. “Wittgenstein’s Philosophical Investigations”. en. In: The Philo-
sophical Review, (Oct., 1954), pp. 530-559. No. 4, Vol. 63 (), p. 31. url: URL:https:
//www.jstor.org/stable/2182289 (visited on 04/06/2020).

[51] Meyers, Victoria. Designing with light. en. OCLC: 255943988. London: King, 2006.
isbn: 978-1-85669-483-4.

[52] Mohebbi, Mahsan. “Investigating the Gender-based Colour Preference in Chil-
dren”. en. In: Procedia - Social and Behavioral Sciences 112 (Feb. 2014), pp. 827–
831. issn: 18770428. doi: 10.1016/j.sbspro.2014.01.1238. url: https://
linkinghub.elsevier.com/retrieve/pii/S1877042814012555 (visited on 05/11/2020).

[53] Montemayor, Carlos and Haladjian, Harry H. “Perception and Cognition Are
Largely Independent, but Still Affect Each Other in Systematic Ways: Arguments
from Evolution and the Consciousness-Attention Dissociation”. en. In: Frontiers
in Psychology 8 (Jan. 2017). issn: 1664-1078. doi: 10.3389/fpsyg.2017.00040. url:
http://journal.frontiersin.org/article/10.3389/fpsyg.2017.00040/full
(visited on 05/08/2020).

[54] Moore, Chris, Dunham, Philip J., and Dunham, Phil. Joint Attention: Its Origins
and Role in Development. en. Psychology Press, Mar. 2014. isbn: 978-1-317-78107-3.

[55] Neil, Patricia A et al. “Development of multisensory spatial integration and per-
ception in humans”. en. In: (2006), p. 11.

[56] Neufert, Ernst. Architects’ Data. en. 3rd. Blackwell Science.

http://site.ebrary.com/id/10806015
https://doi.org/10.1016/0042-6989(92)90033-F
https://linkinghub.elsevier.com/retrieve/pii/004269899290033F
https://linkinghub.elsevier.com/retrieve/pii/004269899290033F
https://doi.org/10.1016/j.jenvp.2014.11.008
https://doi.org/10.1016/j.jenvp.2014.11.008
https://linkinghub.elsevier.com/retrieve/pii/S0272494414001054
URL: https://www.jstor.org/stable/2182289
URL: https://www.jstor.org/stable/2182289
https://doi.org/10.1016/j.sbspro.2014.01.1238
https://linkinghub.elsevier.com/retrieve/pii/S1877042814012555
https://linkinghub.elsevier.com/retrieve/pii/S1877042814012555
https://doi.org/10.3389/fpsyg.2017.00040
http://journal.frontiersin.org/article/10.3389/fpsyg.2017.00040/full


76 Bibliography

[57] Ohler, Jason. Digital Storytelling in the Classroom: New Media Pathways to Liter-
acy, Learning, and Creativity. en. 2590 Conejo Spectrum, Thousand Oaks Califor-
nia 91320 United States: Corwin Press, 2013. isbn: 978-1-4522-6825-5 978-1-4522-
7747-9. doi: 10.4135/9781452277479. url: http://sk.sagepub.com/Books/
digital-storytelling-in-the-classroom-2e (visited on 04/07/2020).

[58] Ohler, Jason. Digital Storytelling in the Classroom: New Media Pathways to Liter-
acy, Learning, and Creativity. en. 2590 Conejo Spectrum, Thousand Oaks Califor-
nia 91320 United States: Corwin Press, 2013. isbn: 978-1-4522-6825-5 978-1-4522-
7747-9. doi: 10.4135/9781452277479. url: http://sk.sagepub.com/Books/
digital-storytelling-in-the-classroom-2e (visited on 04/07/2020).

[59] Overvliet, Krista E. and Krampe, Ralf Th. “Haptic two-dimensional shape identi-
fication in children, adolescents, and young adults”. en. In: Journal of Experimental
Child Psychology 166 (Feb. 2018), pp. 567–580. issn: 00220965. doi: 10.1016/j.
jecp.2017.09.024. url: https://linkinghub.elsevier.com/retrieve/pii/
S0022096516302727 (visited on 08/29/2019).

[60] Pallasmaa, Juhani. “SPACE, PLACE AND ATMOSPHERE. EMOTION AND PE-
RIPHERAL PERCEPTION IN ARCHITECTURAL EXPERIENCE”. en. In: (), p. 16.

[61] Pamela Jaye Smith. Symbols Images Codes. en. United States of America: Michael
Wiese Productions. isbn: 978-1-932709-74-2.

[62] Pellegrino, P. “Semiotics of Architecture”. en. In: Encyclopedia of Language & Lin-
guistics. Elsevier, 2006, pp. 212–216. isbn: 978-0-08-044854-1. doi: 10.1016/B0-08-
044854-2/01393-6. url: https://linkinghub.elsevier.com/retrieve/pii/
B0080448542013936 (visited on 05/13/2020).

[63] Piaget, Jean. “Part I: Cognitive development in children: Piaget development and
learning”. en. In: Journal of Research in Science Teaching 2.3 (Sept. 1964), pp. 176–
186. issn: 0022-4308, 1098-2736. doi: 10.1002/tea.3660020306. url: http://doi.
wiley.com/10.1002/tea.3660020306 (visited on 08/29/2019).

[64] Rocha, Pedro M Azevedo. “Perception Relativity Simulacrum – How Light Be-
comes Perception”. en. In: (), p. 11.

[65] Rudolf Arnheim. Art and Visual Perception: A Psychology of the Creative Eye. en.
United States of America: UNIVERSITY OF CALIFORNIA PRESS, 1974.

[66] Salmon, Angela K. “Engaging Young Children in Thinking Routines”. en. In:
Childhood Education 86.3 (Mar. 2010), pp. 132–137. issn: 0009-4056, 2162-0725. doi:
10.1080/00094056.2010.10523133. url: http://www.tandfonline.com/doi/
abs/10.1080/00094056.2010.10523133 (visited on 04/08/2020).

[67] Sametz, Roger and Maydoney, Andrew. “Storytelling through design”. en. In: De-
sign Management Journal (Former Series) 14.4 (June 2010), pp. 18–34. issn: 10457194.
doi: 10.1111/j.1948-7169.2003.tb00347.x. url: http://doi.wiley.com/10.
1111/j.1948-7169.2003.tb00347.x (visited on 04/07/2020).

https://doi.org/10.4135/9781452277479
http://sk.sagepub.com/Books/digital-storytelling-in-the-classroom-2e
http://sk.sagepub.com/Books/digital-storytelling-in-the-classroom-2e
https://doi.org/10.4135/9781452277479
http://sk.sagepub.com/Books/digital-storytelling-in-the-classroom-2e
http://sk.sagepub.com/Books/digital-storytelling-in-the-classroom-2e
https://doi.org/10.1016/j.jecp.2017.09.024
https://doi.org/10.1016/j.jecp.2017.09.024
https://linkinghub.elsevier.com/retrieve/pii/S0022096516302727
https://linkinghub.elsevier.com/retrieve/pii/S0022096516302727
https://doi.org/10.1016/B0-08-044854-2/01393-6
https://doi.org/10.1016/B0-08-044854-2/01393-6
https://linkinghub.elsevier.com/retrieve/pii/B0080448542013936
https://linkinghub.elsevier.com/retrieve/pii/B0080448542013936
https://doi.org/10.1002/tea.3660020306
http://doi.wiley.com/10.1002/tea.3660020306
http://doi.wiley.com/10.1002/tea.3660020306
https://doi.org/10.1080/00094056.2010.10523133
http://www.tandfonline.com/doi/abs/10.1080/00094056.2010.10523133
http://www.tandfonline.com/doi/abs/10.1080/00094056.2010.10523133
https://doi.org/10.1111/j.1948-7169.2003.tb00347.x
http://doi.wiley.com/10.1111/j.1948-7169.2003.tb00347.x
http://doi.wiley.com/10.1111/j.1948-7169.2003.tb00347.x


Bibliography 77

[68] Saraiva, Alexandra. “Between The Shadow And The Geometry Of Light”. en. In:
(), p. 8.

[69] Saussure, Ferdinand de and de, 1857-1913. “Course in general linguistics”. en. In:
(), p. 264.

[70] Sean VanGenderen. What Is Design Thinking? url: https://www.youtube.com/
watch?v=a7sEoEvT8l8 (visited on 05/21/2019).

[71] semiotics | Definition, Theory, Examples, & Facts | Britannica. url: https://www.
britannica.com/science/semiotics (visited on 03/10/2020).

[72] Shea, Carolyn. “Anatomy and Physiology of the Eye”. en. In: (), p. 23.

[73] Sinatra, Richard et al. “Combining Visual Literacy, Text Understanding, and Writ-
ing for Culturally Diverse Students”. en. In: Journal of Reading 33.8 (1990), pp. 612–
617. url: http://www.jstor.org/stable/40030518.

[74] Siren-Tiusanen, Helena and Robinson, Heljä Antola. “Nap schedules and sleep
practices in infant-toddler groups”. en. In: Early Childhood Research Quarterly 16.4
(Dec. 2001), pp. 453–474. issn: 08852006. doi: 10.1016/S0885-2006(01)00119-3.
url: https://linkinghub.elsevier.com/retrieve/pii/S0885200601001193
(visited on 04/08/2020).

[75] Smith, Peter F. and Arnheim, Rudolf. “The Dynamics of Architectural Form”. en.
In: Leonardo 13.1 (1980), p. 78. issn: 0024094X. doi: 10.2307/1577951. url: https:
//www.jstor.org/stable/1577951?origin=crossref (visited on 05/14/2020).

[76] Soegaard, Mads. Symmetry vs. Asymmetry - Recalling basic design principles. en. Li-
brary Catalog: www.interaction-design.org. url: https : / / www . interaction -
design.org/literature/article/symmetry-vs-asymmetry-recalling-basic-
design-principles (visited on 05/14/2020).

[77] Sondhi, Priyanka. “Architecture as Communication: A Study of the role of Form,
Function and Context in evoking Meaning”. en. In: (), p. 116.

[78] Stanton, Danae et al. “Classroom collaboration in the design of tangible interfaces
for storytelling”. en. In: Proceedings of the SIGCHI conference on Human factors in
computing systems - CHI ’01. Seattle, Washington, United States: ACM Press, 2001,
pp. 482–489. isbn: 978-1-58113-327-1. doi: 10.1145/365024.365322. url: http:
//portal.acm.org/citation.cfm?doid=365024.365322 (visited on 04/07/2020).

[79] Sydhagen, Petter Bogen. “How Can We Distinguish Perception from Cognition?”
en. In: (), p. 108.

[80] Tacca, Michela C. “Commonalities between Perception and Cognition”. en. In:
Frontiers in Psychology 2 (2011). issn: 1664-1078. doi: 10.3389/fpsyg.2011.00358.
url: http://journal.frontiersin.org/article/10.3389/fpsyg.2011.00358/
abstract (visited on 05/08/2020).

https://www.youtube.com/watch?v=a7sEoEvT8l8
https://www.youtube.com/watch?v=a7sEoEvT8l8
https://www.britannica.com/science/semiotics
https://www.britannica.com/science/semiotics
http://www.jstor.org/stable/40030518
https://doi.org/10.1016/S0885-2006(01)00119-3
https://linkinghub.elsevier.com/retrieve/pii/S0885200601001193
https://doi.org/10.2307/1577951
https://www.jstor.org/stable/1577951?origin=crossref
https://www.jstor.org/stable/1577951?origin=crossref
https://www.interaction-design.org/literature/article/symmetry-vs-asymmetry-recalling-basic-design-principles
https://www.interaction-design.org/literature/article/symmetry-vs-asymmetry-recalling-basic-design-principles
https://www.interaction-design.org/literature/article/symmetry-vs-asymmetry-recalling-basic-design-principles
https://doi.org/10.1145/365024.365322
http://portal.acm.org/citation.cfm?doid=365024.365322
http://portal.acm.org/citation.cfm?doid=365024.365322
https://doi.org/10.3389/fpsyg.2011.00358
http://journal.frontiersin.org/article/10.3389/fpsyg.2011.00358/abstract
http://journal.frontiersin.org/article/10.3389/fpsyg.2011.00358/abstract


78 Bibliography

[81] Tim Brown. Design thinking. Tech. rep. Harvard Business Review, 2008. (Visited
on 05/20/2020).

[82] Tommasi, Luca and Laeng, Bruno. “Psychology of spatial cognition: Psychology
of spatial cognition”. en. In: Wiley Interdisciplinary Reviews: Cognitive Science 3.6
(Nov. 2012), pp. 565–580. issn: 19395078. doi: 10.1002/wcs.1198. url: http:
//doi.wiley.com/10.1002/wcs.1198 (visited on 05/20/2020).

[83] “Tranlucent Colors and their Use in the Waldorf School, language = en, author =
Hughes, Kevin, pages = 5, file = Hughes - T’anlucent C lors and their Use in the
Waldorf Sch.pdf:C
Users
StiVZoterostorageGYRZHXU4Hughes−T′anlucentClorsandtheirUseintheWaldor f Sch.pd f :application/pd f ”. In:
().

[84] Tregenza, Peter and Loe, David. The design of lighting. en. OCLC: 53835071. Lon-
don; New York: E & FN Spon, 1998. isbn: 978-0-203-22363-5. url: http://site.
ebrary.com/id/10315114 (visited on 04/14/2020).

[85] Uleman, James S. and Bargh, John A. Unintended Thought. en. Google-Books-ID:
HT6ddclz6EAC. Guilford Press, July 1989. isbn: 978-0-89862-379-6.

[86] Ursprung, Philip. “Herzog & de Meuron : natural history”. en. In: Herzog & de
Meuron : natural history. Montréal: Canadian Centre for Architecture, 2002.

[87] User, Super. Light Signage System. Library Catalog: www.derksen.de. url: https:
//www.derksen.de/en/references/51- light- signage- system (visited on
04/02/2020).

[88] Vasilyeva, Marina and Lourenco, Stella F. “Development of spatial cognition: De-
velopment of spatial cognition”. en. In: Wiley Interdisciplinary Reviews: Cognitive
Science 3.3 (May 2012), pp. 349–362. issn: 19395078. doi: 10.1002/wcs.1171. url:
http://doi.wiley.com/10.1002/wcs.1171 (visited on 05/20/2020).

[89] Wang, Hh et al. “A study of atmosphere perception of dynamic coloured light”.
en. In: Lighting Research & Technology 46.6 (Dec. 2014), pp. 661–675. issn: 1477-1535,
1477-0938. doi: 10.1177/1477153513506591. url: http://journals.sagepub.
com/doi/10.1177/1477153513506591 (visited on 04/15/2020).

[90] What is Design Thinking? url: https://www.ideou.com/blogs/inspiration/
what-is-design-thinking (visited on 05/21/2019).

[91] Whiteside, John A. “Peripheral Vision in Children and Adults”. en. In: (), p. 5.

[92] Why Use Semiotics? en-US. Library Catalog: www.semiovox.com. url: http://
www.semiovox.com/semiotics (visited on 03/30/2020).

https://doi.org/10.1002/wcs.1198
http://doi.wiley.com/10.1002/wcs.1198
http://doi.wiley.com/10.1002/wcs.1198
http://site.ebrary.com/id/10315114
http://site.ebrary.com/id/10315114
https://www.derksen.de/en/references/51-light-signage-system
https://www.derksen.de/en/references/51-light-signage-system
https://doi.org/10.1002/wcs.1171
http://doi.wiley.com/10.1002/wcs.1171
https://doi.org/10.1177/1477153513506591
http://journals.sagepub.com/doi/10.1177/1477153513506591
http://journals.sagepub.com/doi/10.1177/1477153513506591
https://www.ideou.com/blogs/inspiration/what-is-design-thinking
https://www.ideou.com/blogs/inspiration/what-is-design-thinking
http://www.semiovox.com/semiotics
http://www.semiovox.com/semiotics


Bibliography 79

[93] Wildenger, Leah K. et al. “Children’s Daily Routines During Kindergarten Tran-
sition”. en. In: Early Childhood Education Journal 36.1 (Aug. 2008), pp. 69–74. issn:
1082-3301, 1573-1707. doi: 10.1007/s10643-008-0255-2. url: http://link.
springer.com/10.1007/s10643-008-0255-2 (visited on 04/08/2020).

[94] Williams, Pia and Williams, Pia. “Preschool Routines, Peer Learning and Par-
ticipation”. en. In: Scandinavian Journal of Educational Research 45.4 (Dec. 2001),
pp. 317–339. issn: 0031-3831, 1470-1170. doi: 10.1080/00313830120096743. url:
http://www.tandfonline.com/doi/abs/10.1080/00313830120096743 (visited on
04/08/2020).

[95] Yakin, Halina Sendera Mohd. and Totu, Andreas. “The Semiotic Perspectives of
Peirce and Saussure: A Brief Comparative Study”. en. In: Procedia - Social and
Behavioral Sciences 155 (Nov. 2014), pp. 4–8. issn: 18770428. doi: 10 . 1016 / j .
sbspro.2014.10.247. url: https://linkinghub.elsevier.com/retrieve/pii/
S1877042814057139 (visited on 03/10/2020).

[96] Yildirim, Kemal, Cagatay, Kubulay, and Ayalp, Nur. “Effect of wall colour on the
perception of classrooms”. en. In: Indoor and Built Environment 24.5 (Aug. 2015),
pp. 607–616. issn: 1420-326X, 1423-0070. doi: 10.1177/1420326X14526214. url:
http://journals.sagepub.com/doi/10.1177/1420326X14526214 (visited on
05/11/2020).
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Sun paths

Figure A.1: Sun paths created for the third-grade classroom.
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Figure A.2: Sun paths created for the fourth-grade classroom.
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